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Abstract 
A bryozoan-dominated benthic community on the Otago continental shelf (45° 501 S, 170° 
501 E) has been the subject of a number of earlier studies. Although previous studies have 
helped define the nature of benthic communities associated with the bryozoan thickets, the 
sampling methods used (e.g., trawl and dredge sampling) have not allowed for a 
quantitative assessment of the community. A quantitative survey was, consequently, 
undertaken during May-September 2003 to further assess the diversity and fine-scale 
distribution of the epibenthic taxa of Otago' s bryozoan thickets. In consideration of the 
destructive sampling previously carried out within the area, an attempt was made to devise 
a minimally-invasive benthic sampling technique, whereby an underwater photographic 
camera system was used to obtain samples of the thicket epibenthos. Five cross-shelf 
transects (A to E) were sampled at 10 m depth increments, covering a water depth 
range of 60-110 m. More than 500 photographs of the seafloor were taken at 22 sampling 
stations, from which a range of information pertaining to local species diversity, 
abundance, distribution and intraspecific relationships was attained. 
Forty-eight epibenthic taxa were identified from photographic samples, including frame-
building and tube-forming bryozoans, sponges, asteroids, ophiuroids, other echinoderms, 
ascidians, anemones, gastropod and bivalve molluscs, decapod crustaceans and fish. The 
bryozoans Cinctipora elegans, Hornera robusta, Adeonellopsis spp., poriferans, echinoderms 
and ascidians dominated the epibenthos. The highest abundance of epibenthic fauna 
occurred at water depths of 80-90 m on the narrowest region of the shelf between the 
promontory of Otago Peninsula and Saunders Canyon, while species richness and diversity 
was found to be greatest towards the northern and southern limits of the study area at 70-
80 m water depths. Throughout the study area the spatial distribution of epibenthic fauna 
was highly patchy even at the scale of individual photographs, affirming the description of 
this assemblage as a 'thicket'. 
Environmental factors influencing the fine-scale distribution of epibenthos were statistically 
assessed, specifically factors associated with the bathymetric and latitudinal gradients of 
the Otago shelf. Water depth was the most significant factor influencing the variability in 
epibenthic faunal cover, although the latitudinal distribution of sampling transects was also 
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associated with changes in abundance and distribution of the epibenthos. However, water 
depth and latitude, per se, do not directly influence the distribution of epibenthos, but rather 
related physical and biological factors. The influence of substratum type, hydrological 
parameters, sedimentation, concentration of nutritional resources and species interactions 
as well as factors associated with the methodology are discussed as possible determinants 
for the spatial distribution and abundance patterns of the bryozoan thickets. 
The dominant bryozoan fauna of the Otago shelf has repeatedly been referred to as 
'frame-building' and, consequently, the function of these species as ecosystem engineers 
and bioconstructors within the thicket community was examined. An initial assessment 
suggested that the frame-building bryozoans may control the availability of some 
resources to other organisms, including the provision of substratum complexity, access 
to food resources, protection for fragile and juvenile organisms and the maintenance of 
recruitment and reproduction, thus serving to enhance and sustain local benthic 
biological diversity. 
The photographic sampling technique trialled during this study was highly effective, 
producing images that were suitable for a quantitative analysis of faunal coverage, 
while causing only minimal damage to the delicate taxa of the Otago bryozoan thickets. 
Thus, this sampling methodology resulted in a large set of photographs providing a 
comprehensive and permanent visual record of the benthic community. 
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Many factors influence the structure of marine benthic communities. The nature of the 
seabed substratum and the complexity of the habitat are particularly important. 
Benthic organisms can contribute significantly to the structure of these habitats, 
influencing the composition and diversity of associated biota. Benthic habitats are, 
however, often vulnerable to physical disturbance and concern has been raised for the 
potential impacts of mobile fishing gear on such habitats. Understanding the role of 
habitat-forming species in structuring benthic communities is, therefore, important for 
better management of benthic habitats. 
With these issues in mind, a quantitative assessment of the epibenthic fauna of the 
Otago continental shelf, New Zealand, was undertaken during May-September 2003. 
The intention was to provide reliable and reusable baseline information and increase 
the overall knowledge of the epibenthic community present in this area and to 
investigate the role of predominant bryozoan species as ecosystem engineers and their 
influence on local biodiversity. In light of the delicate nature of this ecosystem, an 
underwater photographic sampling method was designed and trialled as a non-
destructive benthic sampling tool. 
1.1 Habitat-Forming Organisms 
Of particular interest to this study are the functions of habitat-forming organisms and 
their influence on resident biota. Many marine faunal communities develop around the 
biological framework produced by foundation species, such as corals, other cnidarians, 
seagrasses, sponges, mussels, oysters, serpulid worms and bryozoans. These taxa, often 
considered to be 'keystone species' (Mills et al., 1993) or 'frame-building' organisms 
(Batson and Probert, 2000; Batson, 2000) and recently labelled 'ecosystem engineers' (see 
following section and Jones et al., 1994, 1997; Hacker and Gaines, 1997), or 
'bioconstructors' (Cocito, 2004) form extensive, complex structures that can provide a 
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heterogeneous substratum, alter hydrodynamic conditions and supply other resources 
(summarised in Table 1.1) Gones et al., 1994, 1997; Cocito, 2004). 









Provision of food 
resources 
Other 
Resulting conditions Resource provided Examples 










Access to food source Nutrition 
Regular food source Nutrition 
Reproduction 




,., ... _ 
Protection 
living space, including 
microhabitats for epibionts 
and small organisms, and 
nannohabitats for bacteria, 
within structure 
Refugia from predators 
within structure 
Nursery habitat for juvenile 
stages within and around 
structure 
Structures act as 'baffles', 




Enables settlement of larvae 
Reduces energetic hydraulic 




environment for sensitive 
o!ganisms 
Access to elevated substrate 
for suspension-feeders 
Ensures consistent food 
source, i.e., provides a 
permanent residence for 
prey /predat()r species 
Attraction to common area 
enhances probability of 
encounteringi11.<1tes 
Suitable substrata for larval 
settlement 
Effects of disease less severe 
for organisms living within 
epifaunal reefs 
These foundation species enhance environmental heterogeneity and supply a range of 
living spaces, such as micro- or nanno-habitats for epibionts and organisms that reside 
interstitially (Jones et al., 1997; Batson, 2000). Their structure provides three-
dimensional relief above the flat seafloor. For example, Lenihan and Peterson (1998) 
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established that tall oyster reefs were more beneficial for the growth of oysters and 
associated organisms, compared to low-lying reefs, as the elevated structure provided 
better access to refugia above the hypoxic/ anoxic bottom waters in the Neuse River 
estuary, North Carolina. Watling and Norse (1998a) noted that many marine species 
have a tendency to hover close to seabed structures, and that structures reaching even a 
few centimetres into the water column are highly used by a variety of taxa, including 
juveniles of commercially important fish species. The authors suggested that this may, 
in part, be due to the oxygen requirements of benthic species. Dissolved oxygen in the 
bottom boundary layer, constituting the first few millimetres above the sediment 
surface, can be depleted through respiration by infauna! organisms in the sediment 
below; resulting in the need for epibenthic fauna to extend further into the water 
column to reach well-oxygenated waters (Watling and Norse, 1998a). The importance' 
of three-dimensional habitat relief has, furthermore, been recognised in the design of 
artificial reefs (Nelson and Gordon, 1997). The primary frameworks produced by tFi.ese 
keystone species are colonised by taxa, often sponges, anemones and other corals or 
bryozoans, that further increase habitat complexity and contribute additional resources. 
Habitat-providing biotic structures influence the hydrodynamic, sedimentary and 
biogeochemical conditions of the environment, producing specific environmental 
conditions that may not have existed otherwise (Batson, 2000; McKinney and Jacklin, 
2001). Erect biogenic formations act as 'baffles', deflecting water movement around the 
structure and altering the boundary-layer flow, thus affecting local erosion, creating 
microscale sediment deposition and increasing local sediment heterogeneity (McKinney '·• 
and Jacklin, 2001). The sediment collected around, in and under the primary organisms 
supply a range of habitats suitable for other sessile and motile fauna. Many habitat-
forming species and their associated biota can also make a significant contribution to 
the sediment through the accumulation of skeletal remains, shell material and debris 
(Batson, 2000). Changes in hydrological conditions may result in greater local 
hydrodynamic stability, allowing larval settlement and protection for juvenile stages. 
The presence of structure-forming species offers protection, through the provision of 
hiding places from predators (Auster, 1998) and a safe haven for juvenile organisms 
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(Watling and Norse, 1998a), as well as protection from environmental stresses such as 
heavy sediment deposition and energetic current flows (Lenihan and Peterson, 1998). 
For instance, the refuge from predation afforded to juveniles by complex habitats has 
been credited with the increased survivorship of important commercially fished species, 
including Atlantic cod (Gadus morhua) and American lobster (Homarus americanus) 
(Tupper and Boutilier, 1995; Watling and Norse, 1998a). 
The biogenic foundation habitat provides and attracts nutritional resources (Watling 
and Norse, 1998a). The primary species can be a food resource for some organisms, 
while the animals attracted to the immediate area may also provide prey items for some 
taxa. Biogenic structures offer access to otherwise inaccessible food resources. For 
example, the elevated substratum enables suspension feeders to extend to a higher level 
in the water column for food capture (Watling and Norse, 1998a). These complex 
structures also provide hiding places from which to ambush prey (Auster, 1998). The 
existence of these ecosystems can regulate foraging patterns and ensure food resources 
are consistently available by supplying a permanent residence for predator and prey 
species. 
Complex biogenic habitats also enhance other resources. The protection afforded by an 
ecosystem to larval and juvenile organisms enhances recruitment for some populations 
(Watling and Norse, 1998a). Recruitment may also be improved by the existence of a 
permanent habitat, as the probability of encountering a suitable mate may be 
heightened by the common attraction to a particular environment. Another benefit is 
the alleviation of disease (e.g., Cranfield et al., 1999). Although the reasons are largely 
unknown, minimisation of disease may be due to factors such as improved organism 
health and fecundity. 
Also to be considered are the advantages for the habitat-providing fauna. The 
overgrowth of their structures by associated biota may provide camouflage and 
protection, or facilitate food capture. For instance, the bryozoan-sponge symbiosis 
between the bryozoan Smittina cervicornis and the small encrusting sponge Halisarca 
5 
dujardini (Harmelin et al., 1994) is based on the cooperation of two active suspension 
feeders to enhance the feeding in- and ex-current flow of both organisms. 
To summarise, benthic assemblages can often form around the biological structures 
produced by 'frame-building' organisms. This framework provides a range of 
resources, including living space, protection and food resources. Consequently, the 
biogenic habitat produced by frame-building organisms is important in regulating local 
population and community dynamics, often controlling recruitment and persistence 
within the habitat (Jones et al., 1994; Lenihan and Peterson, 1998). These structures are 
known to attract relatively large numbers of fish and invertebrate fauna, including 
commercially important species, enhancing the biological diversity of the ecosystem 
(Jones et al., 1994; Nelson and Gordon, 1997; Lenihan and Peterson, 1998). Typically, 
areas of the continental shelf containing biogenic frameworks have higher levels of 
species diversity than areas of the seabed lacking three-dimensional structures (Watling 
and Norse, 1998a). Subsequently, the bryozoan fauna present on the Otago continental 
shelf may provide important resources for additional taxa resident in the area and have 
a comparable function to other temperate continental shelf communities, such as the 
Lophelia pertusa and Oculina varicosa reefs in the northern hemisphere (Jensen and 
Frederiksen, 1992; Reed et al., 2005). 
1.2 Mobile Bottom Fishing Gear - A Threat to Benthic Ecosystems 
Physical disturbances can be both natural (e.g., storm waves, iceberg scouring, 
bioturbation) and human induced ( e.g., fishing practices, dredge spoil deposition, 
gravel and sand extraction), and may negatively impact the species composition, spatial 
structure and biogeochemistry of benthic ecosystems (Watling and Norse, 1998a). 
While faunal communities that have developed in the presence of regularly occurring 
natural disturbances do not tend to suffer long-term negative effects (Hall, 1994), the 
disturbance caused by anthropogenic activities may not be as easily overcome (Kaiser 
and Spencer, 1996; Kaiser, 1998; Kaiser et al., 2000). One of the most serious threats to 
benthic ecosystems and marine biodiversity is the impact of mobile bottom-fishing gear 
(e.g., trawl nets and dredges), which is considered to be on par with agriculture as an 
anthropogenic physical disturbance with the resulting damage likened to the 
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destruction caused by forest clearcutting (Watling and Norse, 1998a, b). The long-term 
impact of groundfishing on fish stocks and their supporting biogenic habitats is 
currently a hotly debated topic. 
Groundfishing includes the use of dredges and trawls (Fig. 1.1) and is a widespread 
method of catching marine fishes and invertebrates. These types of fishing gear are 
designed to remain in close contact with the seabed (Kaiser, 1998). Commercial beam 
trawls, for example, vary in width from 4 to 12 m, weigh between 3000 to 8000 kg in air 
and are typically fitted with either tickler chains or a chain matrix attached between the 
beam head and foot rope (Kaiser and Spencer, 1996). The chains are designed to 
penetrate the upper few centimeters (1-10 cm) of the substratum and increase the catch 
of target benthic species such as sole Solea sp. and plaice Pleuronectes sp. (Kaiser and 
Spencer, 1996). The chain matrix is fitted to trawls that are used over rough ground to 
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Figure 1.1 Examples of dredge and trawl gear (from Messich et al., 1991; Watling and Norse, 1998a). 
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While it is undeniable that groundfishing gear negatively impacts the biological and 
physical environment of the seafloor, the type and extent of the effects have been 
difficult to conclusively demonstrate (Messich et al., 1991; Engel and Kvitek, 1998). 
Knowledge of the impact of bottom fishing practices has come from both anecdotal 
accounts (e.g., Saxton, 1980; Batson and Probert, 2000; Reyes et al., 2005), often from the 
fishermen themselves, and scientific examination of direct and long-term effects on 
seafloor habitats and species (Bradstock and Gordon, 1983; Kaiser and Spencer, 1996; 
Collie et al., 1997; Tuck et al., 1998; Schwinghamer et al., 1998; Engel and Kvitek, 1998; 
Cranfield et al., 1999; Collie et al., 2000). The trawls and dredges used to catch fish and 
shellfish often disturb both the seabed environment and the organisms living on or 
within it (Collie et al., 2000). Fishing activity reduces habitat complexity by smoothing 
bedforms (e.g., sand waves, ripples), removing sessile epifauna and species that 
produce structures ( e.g., sponges, worm tubes, amphipod tubes, mussels, hydroids and 
anthozoans) (Kaiser and Spencer, 1996; Auster et al., 1996; Lenihan and Peterson, 1998; 
Auster, 1998). Beam trawling gear typically disrupts the superficial layers of the 
substratum (Kaiser and Spencer, 1996). The passage of trawl chains through the 
substratum may cause the sediment to become unconsolidated and resuspend fine 
material. Pebbles, shells and other gravels supporting epizoites may be overturned, 
smothering their encrusting fauna (Kaiser and Spencer, 1996). 
The immediate effect of groundfishing gear is a reduction of the diversity and 
abundance of benthic taxa. Typically some animals are crushed, fatally injured or 
buried, while others may be damaged and consequently susceptible to predation 
(Kaiser and Spencer, 1996; Watling and Norse, 1998a). The magnitude of the response 
to fishing disturbance varies significantly with gear type, habitat and among taxa, 
although the immediate effect of fishing gear is typically the removal of abput half of 
the individuals within an assemblage (Watling and Norse, 1998a; Collie et al., 2000). In 
an analysis of fishing gear effects among different habitats, Collie et al. (2000) 
determined that the largest negative impact occurred in biogenic habitats (especially 
those that are constructed by slow-growing taxa), due to the significant reduction in 
habitat complexity resulting from the removal of sessile epifauna. Fauna such as soft 
corals and sea urchins, which have a fragile test, and long-lived bivalves and 
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gastropods are often the most severely affected (Kaiser et al., 2000). In a comparison of 
the faunal composition between fished and non-fished locations Liverpool Bay, UK, 
Kaiser and Spencer (1996) recorded a reduction in the number of species and 
individuals at fished sites, which primarily reflected the absence of fragile, less common 
and rare species in fished areas. Thus, the impacts of fishing gear can lead to long-term 
changes in species composition, often significantly decreasing habitat heterogeneity and 
producing benthic assemblages dominated by smaller-bodied organisms (Engel and 
Kvitek, 1998; Kaiser et al., 2000). 
The degradation of biogenic structural complexity may produce an environment that is 
no longer suitable for associated species (Kaiser et al., 2000). The removal or disruption 
of biological frameworks can result in a reduction in the height of the reef or mound, 
which can in turn alter local current flow and sedimentation patterns, possibly leading 
to burial of the community (Lenihan and Peterson, 1998). Such physical changes can 
negatively affect larval settlement and organism growth rates, and increase mortality 
(Lenihan and Peterson, 1998). 
Two predominant examples of the impact that groundfishing gear can have on benthic 
biogenic habitats are the decline of oyster populations in Chesapeake Bay, USA 
(Rothschild et al., 1994) and in Foveaux Strait, New Zealand (Cranfield et al., 1999). The 
eastern oyster Crassostrea virginica has been commercially harvested from Chesapeake 
Bay, USA for more than a century. Maryland oyster stocks have declined, however, by 
more than 50-fold since the oyster catch peaked in 1884, a fact attributed to a reduction 
in water quality, disease and fishing (Rothschild et al., 1994). While the effects of 
reduced water quality and disease are fairly recent occurrences, the impacts of oyster-
fishing gear have been taking place for much longer. Rothschild et al. (1994) noted that 
significant destruction of the oyster bars began when the use of large oyster dredges 
was legalised in 1865, with the dredges removing large areas of oysters each day and 
upsetting other components of the habitat. The result was the removal of substrata 
required for the settlement of gregarious oyster larval recruits and the burial of 
remaining areas by resuspended silt (Rothschild et al., 1994). 
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A significant bryozoan reef adversely affected by commercial fishing is the reef habitat 
in Foveaux Strait, between the South and Stewart Islands, New Zealand (Cranfield et 
al., 1999; Cranfield et al., 2003). Prior to the commencement of oyster dredging, the 
seafloor of Foveaux Strait was extensively covered by patchy reefs, which were formed 
by the erect species Cinctipora elegans and inhabited by a variety of benthic fauna, 
including the oyster Ostrea chilensis (Cranfield et al., 1999; Cranfield et al., 2004). The 
changes in patch reef distribution have been extensively studied, with Cranfield et al. 
(1999) describing the significant decline in the oyster population in association with the 
changing distribution of epifaunal patch reefs as a result of 130 years of dredging in the 
Strait (Fig. 1.2). The majority of subsequent investigations have concentrated on the 
regeneration of damaged reefs and monitoring of reef destruction after fishing 
reopened in 1996 (Cranfield et al., 2001; Cranfield et al., 2003; Cranfield et al., 2004). 
Bottom trawling and dredging practices are largely regarded as one of the most 
widespread and disruptive anthropogenic physical disturbance to benthic communities 
(e.g., Engel and Kvitek, 1998) and can cause significant loss of biological diversity 
(Watling and Norse, 1998a). Ultimately, loss of biogenic habitats, such as oyster reefs, 
may have important negative consequences for the sustainability, economic value and 
biodiversity of estuarine ecosystems (Lenihan and Peterson, 1998). Furthermore, as 
commercial fish stocks are depleted, groundfishing practices are extending into areas, 
such as seamounts and continental margins, that have not been previously fished 
(Watling and Norse, 1998a). 
It should also be noted that studies of the effects of bottom-fishing disturbance on 
benthic ecosystems have been hindered by a lack of baseline ecological data prior to 
fishing activity (Collie et al., 2000) and, additionally, there is often a paucity of 
information from unfished control areas for comparative analysis (Kaiser, 1998). Kaiser 
(1998) suggested that this was due to the logistical difficulties of gathering information 
and conducting experiments in environments at continental shelf depths and beyond. 
Collie et al. (2000), furthermore, suggest that an understanding of the functional role of 
the species producing structural frameworks is required to predict the effects of chronic 
fishing disturbance. 
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Figure 1.2 Changes in the abundance of Foveaux Strait oyster stocks is evident in the reduction of oyster 
catches (shaded area: 1000/survey tow; heavy line: 400 oysters/survey tow; dotted line: 
200/oysters/survey tow) between 1960-62 (top) and 1990 (bottom) (from Cranfield et al., 1999). 
1.3 Biodiversity and Ecosystem Engineering 
This investigation of Otago' s mid-shelf bryozoan thickets focuses on two concepts, the 
assessment of biodiversity and the identification of ecosystem engineers. 
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Biological Diversity 
Biological diversity or biodiversity is a topical concept that deserves consideration 
when studying biological assemblages. The signing and ratification of the 1992 
Convention on Biological Diversity (CBD) at the United Nations Conference on 
Environment and Development in Rio de Janeiro highlighted the importance of and 
defined biodiversity as an ecological issue (Nelson and Gordon, 1997; Gray, 1997; Gray, 
2000). Biological diversity is defined in the Convention on Biological Diversity (1992) 
as: 
'the variability among living organisms from all sources including, inter alia, 
terrestrial, marine and other aquatic ecosystems and the ecological complexes 
of which they are a part; this includes diversity within species and of 
ecosystems' (Article 2., CBD, 1992). 
The Convention has three main goals, 'the conservation of biological diversity, the 
sustainable use of its components, and the fair and equitable sharing of its benefit 
arising out of the utilisation of genetic resources' (Article 1., CBD, 1992). To achieve 
these goals, signatory nations, including New Zealand, are required to, inter alia, make 
an inventory of their natural biodiversity; identify and monitor important components 
that need to be conserved and used sustainability; establish protected areas to conserve 
biodiversity while promoting environmentally sound development around these areas; 
rehabilitate and restore degraded ecosystems; prevent the introduction of alien species; 
promote public participation and educate people to raise awareness about the 
importance of biodiversity and the need to conserve it; and to report on how they are 
meeting biodiversity goals (CBD, 1992; Nelson and Gordon, 1997; Gray, 2000). Thus, 
consideration of biological diversity is fundamental when studying, in this instance, 
marine ecological systems if these aims are to be realised. 
The measurement of an ecosystem's biological diversity requires the consideration of 
several factors, including the level at which biodiversity is measured and the procedure 
used to assess biodiversity. The resulting information can be used for assessments such 
as the comparison of different sample sites or the estimation of ecosystem health. 
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Biodiversity ranges over several levels, including genetic diversity through to the 
functional diversity of an ecosystem (Gray, 1997; Gray, 2000). Genetic diversity, the 
most basic level, is an assessment of the genetic variation among individuals of a 
species or population. Species diversity is a measure of the variety of species present in 
an environment or selected assemblage. Similarly, a community's diversity can be 
measured at higher taxonomic levels, e.g., phyletic diversity measuring the diversity of 
phyla. The further categorisation of organisms into functional groups, such as 
organisms with similar feeding mechanisms (e.g., scavengers or filter feeders), enables 
the assessment of an ecosystems' functional diversity (Steele, 1991). The scales at which 
biodiversity is measured can also range to the community or ecosystem level, involving 
the investigation of interactions between species or taxa. Further to these descriptions, 
Steele (1991) and Gray (1997; 2000) provide useful discussions and synopses of 
biodiversity levels and measurements. For the purposes of this study, biodiversity was 
considered as the variety of species, or higher taxa, found within the Otago mid-shelf 
bryozoan thicket region. 
Diversity indices have been developed as a means to calculate the biodiversity of a 
sample or assemblage (Magurran, 2004). Initially, species diversity was considered to 
be the number of species within an assemblage, i.e., species richness; however, it became 
apparent that the distribution of individual organisms among those species, i.e., the 
relative abundance, equitability or evenness of the species, should also be considered 
when assessing the biodiversity of an ecosystem. The Shannon-Wiener Index and 
Simpson's Index are examples of calculations that return a univariate statistic to 
describe the species diversity of a community. 
Biodiversity indices facilitate the comparison of different sample sites and faunal 
assemblages and establish patterns that do not rely solely on the taxonomy of the 
species present. Such indices may also be used to monitor the 'health' of an ecosystem. 
Changes in an ecosystem's biodiversity, particularly when a decline in species diversity 
is apparent, can be an indication that the system is under stress, and in need of 
protection from harmful impacts such as those discussed in the section above. 
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Ecosystem Engineering 
The other ecological concept on which this study focuses is the notion of ecosystem 
engineering. Proposed initially by Jones et al. (1994), the concept of ecosystem 
engineering and ecosystem engineers was formally defined by Jones et al. (1997) as: 
'Physical ecosystem engineers are organisms that directly or indirectly control 
the availability of resources to other organisms by causing physical state 
changes in biotic and abiotic materials. Physical ecosystem engineering by 
organisms is the physical modification, maintenance, or creation of habitats. 
The ecological effects of engineering on other species occur because the 
physical state changes directly or indirectly control resources used by these 
other species' (p. 1947, Jones et al., 1997). 
Thus, ecological engineering refers to a series of species interactions, principally 
involving organisms that produce physical structures and, therefore, provide or lead to 
the development of resources such as spatial refugia and food. There are many 
examples of ecosystem engineers from the marine environment, including reef-building 
corals, sponges, bivalves (e.g, oysters; Lenihan and Peterson (1998)) and bryozoans. In 
many instances ecosystem engineers are species that are capable of settling on 
previously uninhabited substrata, where they proceed to modify the sediment or build 
structures that enable other taxa to reside in the region, subsequently increasing the 
biological diversity within the environment. 
The behaviour of ecosystem engineers has a consequential flow-on effect. By enabling 
other species to exist in the area, through the provision of living space, food resources, 
and facilitating opportunities for reproduction, a distinctive faunal community 
ultimately results (Jones et al., 1997). The continued activity of the original ecosystem 
engineers and others that enter the area enable the ecosystem to persist and ensures that 
the biological diversity of the area is maintained. 
14 
1.4 Bryozoans and the Otago Shelf 
Bryozoans in New Zealand 
With approximately 4000-6000 described living species and a further 15,000 fossil 
species, the Bryozoa is the largest of the lophophorate phyla (Ruppert and Barnes, 
1991). Additionally, there may be many species yet to be described. To date, New 
Zealand's Exclusive Economic Zone contains an estimated 967 living bryozoan species 
(Gordon, 1999; Rowden et al., 2004), while the fossil bryozoans in the area are also very 
diverse (e.g., Gordon and Taylor, 1999). Consequently, New Zealand waters possess 
very high bryozoan species diversity compared to other areas of the world. Gordon 
(1999) suggests, however, that only 60-70% of possible bryozoan species may be 
currently described for the New Zealand region. As a comparison, approximately 300 
bryozoan species have been recorded within the region of the British Isles despite being 
of a similar size and climate to New Zealand (Hayward and Ryland, 1998). 
Furthermore, the bryozoan diversity of the entire British Isles is similar to that recorded 
for Spirits Bay (Hayward and Ryland, 1998; Taylor and Gordon, 2003). 
The bryozoan fauna of New Zealand has a large-scale distribution (Fig. 1.3), ranging 
from the intertidal to the continental shelf and slope and into the deep sea (Rowden et 
al., 20b4). A study of bryozoan community patterns around New Zealand, conducted 
by Rowden et al. (2004), demonstrated that bryozoan species diversity is generally 
correlated with depth. Moderate or intermediate shelf depth localities have a greater 
number of bryozoan taxa, which is a trend similar to that of other regions of the world 
(Rowden et al., 2004). 
The New Zealand region is noteworthy when considering modern bryozoan 
communities. Spirits Bay, between Cape Reinga and North Cape, is at the 
northernmost tip of New Zealand, and considered to be a marine dive:i;sity hotspot 
(Taylor and Gordon, 2003), with a large number of novel taxa and a high degree of local 
endemism. In a recent study of this area, Taylor and Gordon (2003) found 
approximately 300 bryozoan species, 30 of which are endemic to the bay, and many of 
which were new species. Many other species, including sponges and hydroids as well 
as commercially fished stocks of scallop (Pecten novaezelandiae), snapper (Pagrus auratus) 
15 
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Figure 1.3 The distribution of known bryozoan communities around New Zealand (from Rowden et aL, 
2004). 
Further south, the bryozoan beds of Separation Point, Tasman Bay, extend over 55 km2 
and were the first bryozoan community in the world to be afforded legal protection 
against damaging fishing practices (Saxton, 1980; Bradstock and Gordon, 1983). 
Research and monitoring of the region has established Celleporaria agglutinans and 
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Hippomenella vellicata as the dominant bryozoan species of the beds, and identified a 
large range of associated benthic fauna (Bradstock and Gordon, 1983; see Table 2 in 
Grange et al., 2003). Juvenile stages of commercially important fish stocks have been 
observed in close association with the bryozoan beds (Saxton, 1980). 
The epifaunal patch reefs present in Foveaux Strait have also been adversely affected by 
groundfishing activities and are, subsequently, highly studied bryozoan beds (Cranfield 
et al., 1999; Cranfield et al., 2001; Cranfield and Michael, 2002; Carbines and Jiang, 2002; 
Cranfield et al., 2003; Cranfield et al., 2004; Carbines et al., 2004). These benthic habitats 
are thought to have a close association with the oyster fishery and other commercial 
fisheries and support a diversity of epifauna (Cranfield et al., 1999; Cranfield et al., 
2001; Carbines and Jiang, 2002; Cranfield et al., 2004; Carbines,et al., 2004). 
Bryozoans on the Otago Shelf 
A conspicuous feature of the middle and outer continental shelf benthos off Otago 
Peninsula is the abundance of large frame-building bryozoans forming reef-like 
structures or thickets (Batson and Probert, 2000; Batson, 2000). Several studies have 
qualitatively assessed the faunal assemblages of the Otago continental shelf region, 
making particular note of the significant biogenic framework produced by a range of 
large bryozoan species. 
Initially, Andrews' (1973) sedimentological study of the region highlighted the presence 
of a faunal assemblage dominated by Bryozoa occurring on substrata composed 
primarily of quartz pebbles, coarse sand and molluscan shell debris. Bryozoans existed 
as erect colonies, encrusting forms and skeletal fragments in the sediment (Andrews, 
1973). Similarly, Carter et al. (1985) noted the widespread contribution of bryozoan 
fragments in the sediments of the middle and outer shelf area off Otago Peninsula. 
Additionally, the distribution of certain bryozoan species was divided into two 
distinctive zones: an inner zone dominated by Cinctipora elegans, and an outer zone 
comprising mainly Cellaria immersa, Celleporaria agglutinans and Hippomenella vellicata 
(Carter et al., 1985). 
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Probert et al. (1979) investigated the epibenthic composition of the area off Otago 
Peninsula, and made particular reference to the large bryozoan structures present in the 
mid-shelf zone. Twenty bryozoan species were identified within the area, along with 
an additional 105 macrobenthic species from several phyla (Probert et al., 1979). 
Overall, the study described eight faunal collections, including relatively distinctive 
mid-shelf and outer-shelf assemblages (Probert et al., 1979). It was suggested that the 
large colony structures of the dominant bryozoan species altered the substratum and 
sedimentation of the region, and had a significant influence on the local biological 
diversity (Probert et al., 1979). Probert and Wilson (1984) investigated the infaunal 
macrofauna of the Otago continental shelf, and described communities that broadly 
paralleled those found by Probert et al. (1979). 
Other, more recent studies have focused on the bryozoan species occurring on the 
continental shelf adjacent to Otago Peninsula. Junge (1998) identified over 100 
bryozoan species occurring on the middle and outer Otago shelf. Subsequently, Batson 
(2000) assessed the distribution, abundance and sedimentary contribution of several 
frame-building btyozoan species, including Celleporaria agglutinans, Cinctipora elegans, 
Celleporina grandis, Hippomenella vellicata, Hornera foliacea and Hornera robusta, and 
defined the bryozoan dominated assemblage of the Otago mid-shelf as a bryozoan 
'thicket'. Most recently, Wood (2005) investigated the macrofaunal communities 
associated with three frame-building bryozoans ( Celleporaria agglutinans, Cinctipora 
elegans and Hippomenella vellicata), highlighting the value of these bryozoan species as 
complex habitats for other organisms. 
1.5 Study Aims 
A quantitative assessment of the epibenthic fauna of the Otago continental shelf, New 
Zealand was undertaken from May to September 2003. This study investigated the role 
of frame-building bryozoans as possible ecosystem engineers and examined their 
influence on local benthic biodiversity. In light of the delicate nature of the 
environment and as a consideration for the general increase in marine habitat 
destruction worldwide, an underwater photographic method was tested in an attempt 
to devise a low-impact sampling technique. The intention was also to increase the 
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overall knowledge of this bryozoan-dominated community, while providing reliable 
and reusable baseline information. 
To describe the fine-scale, in situ, coverage and distribution of large, frame-building 
bryozoan species on the Otago continental mid-shelf 
How are frame-building bryozoan colonies distributed throughout the Otago mid-
shelf? How much of the seafloor do bryozoan colonies cover? What are the relative 
contributions to epifaunal cover of each frame-building species? Although the 
abundance and distribution of Otago' s frame-building bryozoans has recently been 
investigated by Batson (2000), this study utilises a photographic sampling technique 
resulting in images of the in situ life position of the bryozoan thicket community at a 
scale of approximately 0.3 m2, as an alternative to the more commonly collected dredge 
or grab samples. Abundance and distribution measurements are obtained for a smaller 
scale compared to a dredge tow covering several metres ( e.g., Batson, 2000). 
Furthermore, abundance measurements are obtained from photo samples by 
calculating the area of seafloor covered by a bryozoan colony, rather than, for example, 
wet weight measurements for each colony (Batson, 2000). The assessment of seafloor 
coverage is more appropriate for this study as it indicates the area available for the 
attachment of epibiota. Several previous investigations have indicated that the 
bryozoans of the Otago shelf are ecologically significant species, and have used this 
distribution in defining the benthic community of the region (Andrews, 1973; Probert et 
al., 1979; Carter et al., 1985; Junge, 1998; Batson and Probert, 2000; Batson, 2000). Thus, 
the distribution of frame-building bryozoan colonies throughout the Otago mid-shelf is 
potentially of great significance to other local benthic taxa. The three-dimensional 
structures produced by these bryozoans increases the habitat heterogeneity of the 
region, providing living spaces and other resources that may be utilised by other 
species. Subsequently, the frame-building bryozoan species of the Otago continental 
shelf may perform ecological engineering functions, and as a consequence, may 
significantly influence the biological diversity of both sessile and motile fauna. 
Consequently, determining frame-building bryozoan distribution and coverage is 
necessary for the assessment of their role as ecological engineers and of their effect on 
local biodiversity, thereby serving to supplement the data obtained by Batson (2000). 
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To identify and describe the distribution and coverage of the biota contributing to the 
bryozoan thicket community on the Otago continental mid-shelf, and to examine the 
relationship between these organisms and the frame-building bryozoan colonies 
What taxa, additional to frame-building Bryozoa, occur on the Otago mid-shelf? How 
are they distributed and how much area of the seafloor do they occupy? Are there any 
distributional relationships between these species and the bryozoan species? Several 
ecological studies have qualitatively assessed the benthic fauna present on the 
continental shelf off Otago Peninsula (Probert et al., 1979; Probert and Wilson, 1984). 
However, a quantitative investigation of the taxa associated with the bryozoan thickets 
has not previously been undertaken. Such an investigation, describing the biological 
composition and spatial coverage of fragile or unique faunal assemblages, generates 
information that is essential for conservation and ecological management (Nelson and 
Gordon, 1997). The photographic sampling technique used in the present study not 
only provides a visual image of the mid-shelf seafloor but also a means of obtaining 
quantitative information describing the bryozoan thicket assemblage. 
To examine the environmental conditions associated with the distribution of the Otago 
mid-shelf bryozoan thicket community 
What are the environmental conditions present on the Otago mid-shelf? Is there a 
relationship between the distribution of the bryozoan-thicket community and the 
environmental variables of the region? As this study is a fine-scale analysis of faunal 
distribution, information concerning the environmental variables that influence frame-
building bryozoan distribution will supplement the findings of Batson' s (2000) larger-
scale dredge and grab survey. The environmental variables associated with the 
distribution of other identifiable taxa will also be investigated. The examination of 
environmental influences on the bryozoan thicket community increases the knowledge 
of the ecosystem as a whole. 
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To design and implement a non-destructive sampling method for the study of an open-
shelf benthic community, using underwater photography 
What method would be the most appropriate for the study of the bryozoan-thicket 
community on the Otago mid-shelf at depths of 60 to 110 m? What is the most feasible, 
cost-effective, time-efficient method for obtaining reliable results? What is required to 
produce good-quality images while at sea? What is the most time-efficient and accurate 
method of image analysis? How feasible is a photographic sampling method for the 
study of benthic communities? This study used a non-destructive form of scientific 
sampling to gather quantitative information describing the mid-shelf assemblage. As 
awareness of the destruction suffered by many marine ecosystems increases, scientific 
research is becoming more focused on the conservation of vulnerable environments and 
habitats. Traditionally, benthic sampling methods have often involved the use of trawl, 
dredge or grab sampling equipment to obtain samples of organisms and sediment. 
Unfortunately, such equipment can significantly damage the faunal assemblages under 
investigation. Thus, these methods can cause unnecessary damage and are 
inappropriate for the examination of habitats that are vulnerable to physical 
disturbance. Consequently, seafloor photography was investigated as a minimally 
invasive sampling alternative as there has already .been extensive trawl sampling 
conducted in the area under investigation. 
To produce a permanent baseline record of the bryozoan thicket community present on 
the Otago continental shelf off Otago Peninsula 
The photographs taken during this survey will provide a 'snap-shot' of the epibenthic 
community present on the Otago mid-shelf. The slides and digital copies can be easily 
stored and reanalysed at a later date, providing a useful for comparison with future 
studies. 
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1.6 Thesis Structure 
Chapter One above provides an overview and rationale for the investigation of the 
epibenthic fauna on the Otago shelf and the development of a non-destructive sampling 
methodology. 
Chapter Two includes relevant background information on the phylum Bryozoa and a 
description of the wider Otago shelf environment. 
Chapter Three summarises the rationale for the development of a photographic 
sampling technique and the method followed in the study is described in Chapter Four. 
Chapters Five and Six contain results describing the abundance, distribution and 
relationships of, respectively, frame-building bryozoan species and other conspicuous 
epifauna, while Chapter Seven contains analyses describing the biological diversity 
patterns of the community as a whole and examines correlation between the 
distributions of frame-building bryozoans and other epifaunal species. 
Chapter Eight contains a discussion of the fine-scale distribution and abundance 
patterns of the epifauna of the Otago shelf, an examination of the functional role of 
bryozoans as ecosystem engineers and an assessment of the photographic sampling 
method. Chapter Eight also presents a summary of the major findings and possible 
future directions. 
Bryozoa and the Otago Continental Shelf 
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Chapter Two 
This chapter contains relevant background information concerning bryozoan ecology 
and outlines their importance, as several members of the phylum Bryozoa are key 
components of the benthic community on the Otago mid-shelf. A description of the 
Otago shelf research area, including aspects of bathymetry, hydrology, sedimentology 
and faunal composition, is also presented in this chapter. 
2.1 Phylum Bryozoa 
An Introduction to the Bryozoa 
Bryozoans are globally distributed, exclusively aquatic, sedentary, free-living or colony-
forming coelomates (Hayward and Ryland, 1979). Together with the Phoronida and 
Brachiopoda they comprise the Lophophorata, distinguished by the presence of the 
lophophore, a tentacular food-catching organ. The Bryozoa (previously Polyzoa or 
Ectoprocta) phylum is the largest of the three lophophorate phyla (Ruppert and Barnes, 
1991) and has an extensive fossil record, being in existence for over 400 million years 
(Hageman et al., 1997; Hageman et al., 1998). The fossil record has been well studied, 
principally because of the significant contribution bryozoans have made to ancient reef 
mounds and the palaeontological importance of their calcareous skeletons (Hageman et 
al., 1997). 
The Bryozoa incorporates three classes, the Stenolaemata, Gymnolaemata and 
Phylactolaemata (Strom, 1977; Hayward and Ryland, 1979). The Phylactolaemata is 
exclusively freshwater and will not be considered further. The Stenolaemata is 
exclusively marine and contains four extinct orders and one extant order, the 
Cyclostomata. The almost entirely marine Gymnolaemata has become the most 
speciose class of the living Bryozoa and contains two extant orders, the Cheilostomata 
and Ctenostomata (Cuffey, 1973; Strom, 1977; Ruppert and Barnes, 1991). 
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Bryozoans have a worldwide distribution, from the shelf and seamount environments 
of the Nordic Seas through to the Antarctic region, and exploit a wide range of 
substrata (Ryland, 1970; Androsova, 1973; Ruppert and Barne~, 1991). Marine 
bryozoans occur from the intertidal zone (Ryland, 1970) to abyssal depths (Gordon et 
al., 1987), and can exist in a broad range of temperatures and salinities (e.g., Cuffey, 
1977; Barnes and Oarke, 1994; Barnes, 1994; Barnes, 1995). Colonies may be free-living 
or attached to hard substrata and may be epilithic or epibiotic, with some species 
becoming invasive marine biofoulers. The highest bryozoan species diversity and 
abundances occur at continental shelf depths (Hayward and Ryland, 1979), with 
maximum bryozoan diversity occurring over the 0-200 m depth range.in New Zealand 
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Figure 2.1 Plot of the numbers of bryozoan species over water depth, in New Zealand ( from Gordon, 
1999). The total for the 0-100 m depth range is 493 species (0-25 m depths have 267 species and 26-100 
m depths have 461 species). 
The Bryozoan Zooid 
Bryozoan colonies, or zoaria, consist of individual genetically identical zooids (Ryland, 
1970; Thorpe, 1979). The number of zooids present in a colony can range from several 
to hundreds of thousands per colony. The fundamental zooid, the autozooid, is a 
functional feeding unit (Fig. 2.2). Other zooids, or polymorphs, are considered to be 
adaptations of the basic autozooid structure (Cook, 1979). Zooids are composed of an 
exoskeleton that can be tubular, cone-shaped, cylindrical, flattened, oval or box-like in 
shape, with an interior that consists mainly of the digestive tract and coelom (Ruppert 
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and Barnes, 1991). Most zooids possess a lophophore, an eversible funnel-like 
extension with a crown of tentacles that leads to the mouth (Ryland, 1970; Ruppert and 
Barnes, 1991). Lophophore protrusion is facilitated by redistribution of internal 
pressures for stenolaemates, while body wall deformation is necessary for lophophore 
eversion in gymnolaemates. The mouth leads to a U-shaped digestive tract, with an 
anus that opens via the dorsal side of the introvert (tentacle sheath). The lophophore, 
gut system, introvert and any other movable parts comprise the polypide component of 
a zooid, while the cystid component includes the stationary body parts associated with 
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Figure 2.2 Diagram of generalised cheilostome bryozoan zooids (from Ruppert and Barnes 199 1 ). 
The cuticle is an exoskeleton composed of calcium carbonate or protein-chitin (Ruppert 
and Barnes, 1991). The degree of calcification varies among taxa, and differing 
carbonate composition can reflect environmental conditions, therefore having 
important implications for palaeontology (Hageman et al., 1997). 
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All bryozoan species are hermaphroditic, with the majority of marine bryozoans 
brooding eggs that are cross-fertilised with broadcast sperm. Marine Bryozoa produce 
two types of larvae. The majority of bryozoans brood embryos and release short-lived, 
non-feeding, lecithotrophic (coronate) larvae, with a restricted pelagic stage and settling 
within 12-24 hours of release. Some Bryozoa (including three cheilostome genera and 
some stenolaemate species), alternatively, release planktotrophic (cyphonautes) larvae 
that have an extended planktonic period, facilitating greater geographic dispersal 
(Hayward and Ryland, 1998). Once settled, but prior to metamorphosis, the internal sac 
everts and adheres to the substrate. The larva then metamorphoses into the primordial 
zooid, the ancestrula. The colony subsequently arises via asexual zooidal budding from 
the ancestrula (McKinney and Jackson, 1989). 
Bryozoans as Filter-Feeders 
Bryozoans are suspension filter feeders that use tentacular lophophores for food 
capture (Bullivant, 1968a; Ryland, 1970; Ruppert and Barnes, 1991). Feeding is 
undertaken by autozooids with feeding polypides. The lophophore has a bell-shaped 
crown of hollow, ciliated tentacles, and a ring of coelom for basal support. Cilia on the 
tentacles beat rhythmically to create water currents, in which particles are entrained 
(Bullivant, 1968a). The tentacle crown acts to funnel food particles towards the mouth. 
Beating of cilia inside the pharynx helps to draw smaller particles towards the mouth. 
Bryozoans feed on microplankton and other small particles, but phytoplankton, such as 
diatoms and dinoflagellates, comprises the majority of the bryozoan diet (Bullivant, 
1968b). 
Skeletal Calcification 
Many bryozoans secrete a heavily calcified skeleton of aragonite or calcite, providing 
rigidity and support for the zoarium and enabling bryozoans to produce structures of 
substantial size and elevation off the substratum (McKinney and Jackson, 1989). Their 
calcium carbonate skeletons mean bryozoans are important contributors to the 
calcareous sediments of modern cool-water continental shelves and ancient limestones 
(Nelson et al., 1988b). Environmental conditions affect the calcification of bryozoan 
skeletons, and a change in mineralogy can occur within zoaria, reflecting changing 
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conditions and subsequent calcium carbonate precipitation. Smith et al. (1998) also 
demonstrated that some skeletal mineralogies are correlated with zoarial growth forms 
and bryozoan taxa. For instance, all specimens of delicate branching, fenestrate erect 
rigid, and erect flexible growth forms had completely calcitic skeletons, with other 
bryozoan taxa may be partly or completely aragonitic (Smith et al., 1998). The 
assessment of bryozoan skeletal mineralogy has important implications for the 
interpretation of paleoenvironmental conditions (Nelson et al., 1988a). 
Zoarial Morphology 
Bryozoans form colonial structures consisting of a clonal zooid population. There is an 
extensive range of colony shapes or zoarial morphologies (Fig. 2.3) (Smith, 1995; Batson, 
2000). Living and extinct bryozoan growth forms have been well studied as zoarial 
morphology has significant implications for the functions and roles played by 
bryozoans in benthic habitats and for the paleoenvironmental interpretation (Nelson et 
al., 1988a). 
Bryozoan zoarial morphology can be correlated with specific habitats and 
environmental conditions and, in particularly, with specific bathymetric ranges 
(Hageman et al., 1997; Gordon, 1999; Batson, 2000). This enables estimations of ancient 
environmental conditions to be made based on the colonial morphology of fossilised 
bryozoans skeletons, including substratum type, depth, hydrodynamic energy and 
sedimentation rate (Amini et al., 2004). 
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Figure 2.3 Zoarial growth form of bryozoans commonly encountered on the Otago continental shelf 
Each form has a defined life habit (bold print) and zooid arrangement (from Batson (2000) and based on 
the classification of Smith ( 1995) ). 
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2.2 The Otago Continental Shelf 
This study focused on the benthic community of the continental shelf off Otago 
Peninsula. Several studies have previously noted the occurrence of high densities of 
bryozoan species in this region (Andrews, 1973; Probert et al., 1979; Carter et al., 1985; 
Junge, 1998; Batson, 2000). The most recent investigation indicated that the main 
concentration of large structure-forming bryozoans occurs in patches or 'thickets' 
around 80-95 m water depth, directly adjacent to Otago Peninsula (Batson, 2000). The 
shelf environment in this region, including aspects of bathymetry, hydrology and 
sedimentology, is described below. 
Bathymetry 
The continental shelf of the Southland and Otago coasts has an average width of 30 km 
(Gray, 1993). Directly off the Otago Peninsula the continental shelf occupies a width of 
10-11 km (Andrews, 1973; Carter et al., 1985). The shelf deepens steadily until the sharp 
descent of the continental slope. A series of submarine canyons cuts into the outer 
margin of the shelf (Carter et al., 1985). Andrews (1973) reported the inner shelf off 
Cape Saunders to have a gradient of 1 in 33 over 1-2.5 km, while the rest of the shelf 
sloped at 1 in 170 to the shelf edge. Likewise, Carter et al. (1985) recorded the shelf 
gradient as J : 30 off the Otago Peninsula with wider areas of the mid to outer shelf 
commonly sloping at 1 : 2000. Distinctive shelf breaks indicate that the Otago shoreline 
has changed on several occasions since the last glaciation period (Andrews, 1973), with 
former shorelines situated at 110 m, 75 m and 55 m depths (Carter et al., 1985). 
Hydraulic Regime 
The Southland Current is a confined surface current that runs in a northeasterly 
direction along the Southland and Otago Coasts to the south of Banks Peninsula (Jillett, 
1969; Heath, 1972) (Fig. 2.4). This water mass originates as a portion of Subtropical 
Water, from the Subtropical Front in the southern Tasman Sea, that is diverted south 
through Foveaux Strait and around Stewart Island where it mixes with Subantarctic 
Water, forming the Southland Current (Fig. 2.4) (Jillett, 1969). Its core is typically 
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Figure 2.4 Hydrological characteristics of the Otago continental shelf, (from Jillett, 1969 (left); and 
Heath, 1972 (right)). 
The boundary between neritic water (which consists of Southland Current modified by 
coastal and climatic effects) and the definitive Southland Current is sharply defined as a 
horizontal plane with neritic water at the surface Gillett, 1969). The inner margin is 
usually within 13 km from the shore, around the 70 m isobath (Andrews, 1973). The 
subtropical Southland Front defines the boundary between the Southland Current and 
Subantarctic Surface Water (Burling, 1961), as temperature, salinity and water density 
decreases sharply towards the coast Gillett, 1969). 
The Southland Current has seasonally variable temperatures of >10 °C in winter and 
>15.0 °C in summer in the upper 100 m of the water mass Gillett, 1969). Salinity has no 
strong seasonal trend offshore, with salinities of >34.5 in winter to >34.6 in summer 
Gillett, 1969). The salinity maximum physically characterises the core of the Southland 
Current, which lies between inshore neritic water and offshore Subantarctic Water 
Gillett, 1969). Antarctic Intermediate Water, a mixture of Antarctic Surface Water and 
Subantarctic Water, descends beneath the Southland Current with a core, the salinity 
minimum, at approximately 1000 m Gillett, 1969). 
Andrews (1973) suggested that the Southland Current core coincides with the current 
velocity maximum. Preliminary measurements of current velocity taken slightly to the 
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south of Cape Saunders at a depth of 85 m were highly variable, with readings of 24-67 
cm s-1. The local semi-diurnal tide has a range of 1.5 m and becomes constricted around 
the Otago Peninsula. In the mid- to outer-shelf region off Otago Peninsula the 
northward flood tide reinforces the Southland Current (Carter et al., 1985), enabling 
sand transport. Elsewhere speeds may not reach the threshold (30 cm s-1) for fine-sand 
movement (Carter et al., 1985). Hodgson (1966, in Carter et al. 1985) recorded a 
dominant southerly swell occurring to the south of the Otago Peninsula. 
Northeasterly and southwesterly winds also influence the hydraulic regime. The south-
westerly winds are stronger and more frequently cause gales, and are thus more likely 
to affect sediment transport and erosion (Andrews, 1973). 
Sedimentology 
The sedimentological characteristics of the Otago continental shelf have been well 
described, particularly by Andrews (1973), Carter et al. (1985) and, more recently, by 
Batson (2000). Andrews (1973) distinguished two suites of shelf sediments. An inner 
suite dominated by sand and muddy sand grades seawards into an outer suite that is 
dominated by gravel, sandy gravel and gravelly sand. A seaward increase in organic 
skeletal debris was also noted (Andrews, 1973). Similarly, Carter et al. (1985) described 
a nearshore modern sand fades of only 2-3 km wide which graded into a relict 
terrigenous gravel fades from 30-80 m depths (Fig. 2.5). 
Within the vicinity of Cape Saunders, inshore fine-medium sand grades seawards into a 
band of gravelly sand, with organic skeletal debris comprising 10-20% of the sediment. 
Sands are fine to very fine grained and moderately to well-sorted (Carter et al., 1985). 
Batson' s (2000) sedimentary analysis also showed a trend from sand to more gravelly 
textured sediments between 70 m and 105 m isobaths at the narrowest point of the shelf 
off Cape Saunders. The Otago Peninsula deflects sediment dispersal across the shelf 
into deeper water (Andrews, 1973) and Carter et al. (1985) concluded that sand on the 
mid-shelf is probably regularly transported in current speeds fast enough for sand 
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Figure 2.5 Sedimentary characteristics of the Otago continental shelf (from Carter et al. 1985). 
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The gravel facies of the mid-outer shelf from 55-110 m depths consists of pebbles that 
are yellow-to-cream vein quartz or quartzite and are typically iron-stained, rod-like and 
spherical, and forming rounded to well-rounded clasts (Andrews, 1973; Carter et al., 
1985). The pebbles are smooth when not covered, but can otherwise be covered with 
epizoa, usually consisting of bryozoans and serpulid worms. This epizoan cover 
decreases with pebble size and pebbles smaller than 10 mm are usually free of 
encrustations (Andrews, 1973; Carter et al., 1985). The gravel is moderately to well 
sorted with a mean grain size of 0 -2.5, around 6 mm diameter (Carter et al., 1985). 
Small amounts of greywacke are also found in the gravel sediment as are biogenic 
components, usually consisting of heavily worn and fragmented shells. Andrews 
(1973) found that as the gravel component traced northwards, the percentage of pebbles 
decreased, while the organic debris component increased proportionally. Additionally, 
the gravel band split into two tongues east of Cape Saunders as it progressed north 
(Andrews, 1973). The inner tongue, at 66 m, comprises bivalves, turritellid gastropods 
and bryozoans, with foraminiferans and bivalve fragments found in the sand fraction. 
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The outer tongue, at 90-100 m, has organic debris rich in Bryozoa. The sediment regime 
then grades into gravelly muddy sand to the north (Andrews, 1973; Carter et al., 1985). 
The detrital sediments of the Otago shelf originated from rivers, by erosion of the coast 
and from the shelf south-west of Nugget Point (Andrews, 1973; Carter et al., 1985), with 
the Clutha River identified as the dominant fluvial source. Gravel occurs in a 
continuous band from the vicinity of the Clutha River mouth to the Otago Peninsula 
along the mid-shelf region (Andrews, 1973). River sediment does not constitute a 
significant portion of the sediment around the Otago Peninsula as it is usually retained 
in the north-east drift or transported seawards from the mid-shelf by the bottom 
currents that occur during southerly storms (Carter et al., 1985). The pebbles present in 
the gravel fractions of the sediments in the region of Otago Peninsula are of Pleistocene 
origin, derived from Haast Schist terrain from the last post-glacial transgression and 
transported via the Clutha and Taieri Rivers (Andrews, 1973; Carter et al., 1985). Sand 
associated with this gravel is also from Haast Schist terrain. Additionally, the Catlins 
coast to the south of Nugget Point is eroding and, therefore, contributing to the 
sediments of the Otago shelf off Otago Peninsula (Carter, 1975). 
In the mid- to outer-shelf areas, Andrews (1973) described the organic skeletal debris as 
forming over 40% and up to 60-93% of the sediment in patches. Carter et al. (1985) 
determined that calcium carbonate (CaC03) contributed up to 55.5% of the mean weight 
of sediment, with the most significantly CaCQ3_rich sediments (62-71 % ) occurring over 
a depth range of 80-90 m. Progressing to the outer shelf, beyond 90 m, the sediment 
comprised poorly sorted medium to coarse biogenic sand and gravel, including minute 
bivalves and foraminiferans with locally abundant bryozoans and large mollusc 
fragments (Carter et al., 1985). 
Batson (2000) investigated the bryozoan contribution to the gravel fraction. Cinctipora 
elegans was most abundant with fragments of degraded 0.5-3 mm branches. The main 
core of Cinctipora elegans input was between 80-95 m and contributed as much as 13 % of 
the sediment. This dominance was attributed to the considerable standing stock of the 
species in this area, and reflected a high production rate rather than a resistance to 
destruction (Batson, 2000). Hornera robusta was the next most abundant bryozoan 
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species, contributing as much as 2.55% of the gravel fraction at 80-95 m. This was also 
attributed to a high standing stock, as well as an unusually long persistence after death 
due to the thickly calcified skeletons of Romera robusta. Other bryozoan species 
analysed included those in Table 2.1. 
Table 2.1 Mean abundance and standard deviation of degraded bryozoan fragments in three depths 
zones off Otago Peninsula. Mean abundance expressed as the degraded fragment weight percentage of 
the sediment gravel fraction (from Batson, •:moo). 
Taxon 60- 75 m (n=ll) 80-95m (n=21) 100 -120 m (n=9) 
Mean Std. Mean Std. Mean Std. 
weight% dev. weight% dev. weight% dev. 
Cincti.pora elegans 3.36 4.61 13.00 8.63 1.19 1.84 
Hornera robusta 0.38 0.39 2.55 1.83 0.73 0.61 
Hornera foliacea 0.03 0.05 0.37 0.50 0.01 0.03 
Adeonellapsis spp. 0.26 0.43 1.48 2.22 1.38 1.12 
Celleporina/Celleporaria 0.27 0.21 1.20 1.30 4.49 4.21 
Galeapsis spp. 0.27 0.22 0.64 0.75 1.49 1.03 
Diaperoecia spp. 0.13 0.22 0.26 0.40 0.21 0.39 
Cellaria spp. 0.05 0.08 0.20 0.17 0.57 0.62 
Tetrocycloecia spp. 0.07 0.13 0.38 0.49 0.38 0.66 
Fenestrate cheilostomes 0.01 0.03 0.15 0.17 0.71 0.47 
Telapora spp. 0.05 0.08 0.08 0.10 0.04 0.07 
Erect delicate cyclostomes 0.02 0.06 0.07 0.17 0.43 0.58 
Hippomenella vellicata 0.01 0.03 0.15 0.36 0.00 -
Further seaward of the mid-outer shelf, the sediment grades into gravelly sand that 
extends to the edge of the shelf and over the upper slope into the canyons (Andrews, 
1973). Carter et al. (1985) described this as a relict palimpsest sand facies that was 
coarser, poorly sorted when compared to modem sand, and iron-stained, with a higher 
mean carbonate value as a result of mixing with relict and modern biogenic sediment 
(Carter et al., 1985). Andrews (1973) also noted a high proportion of organic skeletal 
debris in this sediment, composed of bryozoan fragments, minute bivalves, turritellids 
and foraminiferans. Carter et al. (1985) later included fragments of Tawera and 
Zeacolpus shells as recent gravel on the mid-shelf, accompanied by relict Struthiolaria, 
Antisolarium and Zethalia mollusc fragments. Biogenic sand/ gravel of minute bivalves, 
foraminiferans, bryozoans and large mollusc fragments occurred in depths greater than 
90m. 
Underwater Photography as a Sampling Tool 
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Chapter Three 
One of the main aims of this study was to investigate the use of underwater still 
photography as a sampling technique. With advancements in technology, submarine 
imaging devices have become more frequently used for the study of underwater 
ecosystems (e.g., Yago et al., 1994; Collie et al., 1996; Piepenburg and Schmid, 1997; 
Norris et al., 1997; Mumby et al., 1997; Magorrian and Service, 1998; Kloser et al., 2001; 
Bett, 2001; Solan et al., 2003; Handley et al., 2003). Various visual imaging systems are 
available to marine scientists, most of which can be easily used in conjunction with 
other remote-sensing techniques and the more traditional sampling methods such as 
grabs and trawls (Solan et al., 2003). The resulting images can be reproduced, displayed 
and analysed via an assortment of methodologies and can provide a wide variety of 
data (e.g., Bohnsack, 1979; Bergstedt and Anderson, 1990; Meese and Tomich, 1992; 
Leonard and Clark, 1993; Dethier et al., 1993; Bernhardt and Griffing, 2001; Handley et 
al., 2003). Photographs and video tapes are permanent records of samples, can be used 
as evidence of an original or baseline community, and can easily be reanalysed 
(Bohnsack, 1979). As technology develops, the capabilities of camera systems and the 
possibilities · for the analysis of their images continue to increase. An additional and 
significant reason for opting to use underwater imaging systems, rather than more 
traditional sampling techniques, is the minimally invasive nature of the equipment 
(Bohnsack, 1979; Handley et al., 2003). With the increase in detrimental impacts on 
underwater environments and faunal communities, the need for sampling methods that 
do not degrade or hinder the amelioration of an ecosystem is of utmost importance. 
Fortunately, the majority of visual imaging systems cause no more then slight damage 
when they land briefly on the seafloor. This type of sampling also enables a large 
number of replicates to be obtained in rapid succession and, therefore, reduces the time 
· required in the field (Bohnsack, 1979). 
As with any sampling technique there are, however, circumstances that can cause 
underwater imaging systems to be problematic or inappropriate as sampling tools 
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(Bohnsack, 1979). The expense of these devices may not be justified, depending on the 
study requirements. Sensitivity to adverse weather conditions or certain environments 
can hinder the use of submersible camera systems. Moreover, the time required for 
image analysis and the ground-truthing or expertise necessary for faunal identification 
may not be ideal for some investigations. 
3.1 Camera Systems and Applications 
Devices used to capture images of the seafloor have included still-photographic 
cameras (Chezar and Lee, 1985; Phillips et al., 1990; Malatesta et al., 1992; Engel and 
Kvitek, 1998; Bluhm et al., 1998), TV systems (Grace and Grace, 1976; Holme and 
Barrett, 1977; Mortensen et al., 1995), and video cameras (Chezar and Lee, 1985; 
Bergstedt and Anderson, 1990; Whorff and Griffing, 1992; Berkelmans, 1992; Leonard 
and Clark, 1993; Auster et al., 1995; Norris et al., 1997; Magorrian and Service, 1998; 
Bett, 2001; Brown et al., 2002; Handley et al., 2003). Closed-circuit television (CCTV) 
systems have been used to acquire continuous moving images of the seabed. These are 
relayed, in real time, to TV monitors and video recorders on board the research vessel. 
Video systems are used nowadays in place of CCTV systems, as the compact size and 
user-friendly nature of video cameras is generally more appropriate for underwater 
imaging systems. Cameras that produce digital photographs and video footage can 
now be used in place of cameras that require film. Digital images also enable rapid 
image analysis using computer software. Table 3.1 summarises the photographic and 
video devices available and the image formats that can be produced for scientific use. 
Hand-held photographic and video cameras have been used to conduct surveys of 
intertidal communities (Foster et al., 1991; Whorff and Griffing, 1992), while SCUBA has 
been used to gain access to shallow subtidal environments. Kollmann and Stachowitsch 
(2001) included SCUBA diver-taken photographs in a study documenting long-term 
changes in the benthos of the northern Adriatic Sea. Their camera was mounted on a 
metal frame, to maintain the correct distance from the bottom. A range of mounting 
frames have been used to ensure that photographs are taken at the correct focal length 
and, therefore, cover the required sample area (Dodge et al., 1982; Sebens, 1986). In 
some instances, to ensure the same area is photographed each time, metal pins have 
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been permanently installed in the environment, onto which an additional mounting 
frame and camera are attached (Vago et al., 1994; Bernhardt and Griffing, 2001; Handley 
et al., 2003). 
Table 3.1 Some of the visual imaging devices available for marine research, and some of the resulting 
image formats. 
Imaging Devices 
Still photographic cameras 
+ Hand-held 
-SCUBA 
- In submersibles 
+ Frame-mounted camera 
- Vertical drop-camera 
- Stereo-cameras 
- Sled-mounted camera 
- Including grabs/ dredges 
TV camera systems 
+ Oosed-circuit television 
- Sled-mounted 
Video cameras 
+ Hand-held (SCUBA) 
+ Sled-mounted 
+ OnROV 





+ Slides and transparencies 
+ Video 
Digital 
+ e.g., on CD ROM 
+ Photographs 
+ Video 
For those environments that are too deep or impractical for SCUBA divers to access, a 
camera system mounted on a metal housing frame is winched to the seafloor. Drop-
camera systems typically include a vertically angled photographic or video camera, a 
flash unit and a trigger system (Singleton and Cole, 1972; Glasby and Singleton, 1975; 
Piepenburg and Schmid, 1997; Bluhm et al., 1998; Roberts et al., 2000; Teixid6 et al., 
2002; Brown et al., 2002). These systems obtain perpendicular photographs of the 
seafloor. A magnetic switch triggers the camera when a chain and weight, connected to 
the.switch and suspended from the system, makes contact with the seabed. The length 
of chain can be adjusted for different focal lengths (i.e., a shorter chain enables 
photographs to be taken closer to the seafloor). 
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Drop-camera systems may be adapted to suit the requirements of the survey. These 
modifications include the addition of a second camera, additional flash units, a 
repeating switch or time-delay and the attachment of an acoustic pinger. The addition 
of a second downward-pointing camera, mounted parallel with the original camera, 
allows for stereo-photography and enables a larger area of the seafloor to be 
photographed (Wildish and Lobsiger, 1987). For increased image clarity or 
photographic 'depth', additional flash units can be attached to the housing frame 
(Chezar and Lee, 1985). A repeating switch or time-delay mechanism enables repeat 
photographs to be taken at one position over a period of time or for a series of 
photographs to be taken as the camera drifts over the seabed, without the researcher 
having to trigger the camera for each photograph (Singleton and Cole, 1972). The 
attachment of a pinger allows the operator to know when the system has touched the 
seafloor or when a photograph has been taken. The underwater camera system used by 
Roberts et al. (2000) included a dual-frequency pinger that doubled its pinger rate when 
the camera was triggered, providing an indication for the operator on board the 
research vessel that the system should be raised off the bottom to allow the flash to 
recharge. 
Additional instruments can be affixed to the housing frame to aid in the interpretation 
or add to the information gained from the images. Some systems have an additional 
weight and/ or compass hanging from the housing, which provides a size scale 
(Piepenburg and Schmid, 1997; Bluhm et al., 1998) and indicates the orientation of 
seabed formations, such as ripples, in relation to magnetic north (Roberts et al., 2000). 
Systems recording current speed, direction and seawater temperatures can add to the 
environmental information acquired during a survey (Wildish and Lobsiger, 1987). For 
example, Piepenburg and Schmid (1997) attached a micro-CTD to their apparatus to 
measure in situ temperature and salinity. 
An alternative to the drop-camera frame is a camera system attached to a towed sled 
(e.g., Fig. 3.1). The sled is lowered onto the seafloor and dragged, either while making 
contact with the bottom or at a constant distance above the seabed (Holme and Barrett, 
1977). As the research vessel moves, the sled is towed over areas of interest or preset 
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transect paths. Sleds can carry still cameras, which take a series of photographs at 
regular intervals (Holme and Barrett, 1977; Chezar and Lee, 1985; Schneider et al., 1987; 
Phillips et al., 1990; Magorrian and Service, 1998; Bett, 2001), while television and video 
cameras give continuous footage of the sled's path, highlighting large-scale faunal-
distribution patterns and seabed formations (Bergstedt and Anderson, 1990; Leonard 
and Clark, 1993; Magorrian and Service, 1998; Bett, 2001). The inclusion of an 
additional still camera can augment the information attained from video recordings; for 
instance, facilitating species identification (Holme and Barrett, 1977; Phillips et al., 
1990). An alternative to the sled is a towed platform. Bett' s (2001) UK Atlantic Margin 
Environmental Survey included photographic samples obtained from a Wide-Angle 
Seabed Photography (WASP) vehicle comprising an off-bottom towed platform with 
still or video cameras. Towed platforms can be more useful than bottom-contact sleds 
as they are more stable when the terrain is rough (Kloser et al., 2001). 
Figure 3 .1 A towed sledge on a towing rope (A). T he rope used for lowering the sledge (B) is slack and 
buoyed at the surface. Two electric cables link the boat to the camera system (from Holme and Barrett, 
1977). 
Another way of obtaining deep-sea images is via cameras attached to the exterior of 
occupied submersible craft (Smith and Hamilton, 1983; Engel and Kvitek, 1998; Tokeshi, 
2002). The occupants of the submersible can also use hand-held video or still cameras 
to augment the images captured by the external devices, e.g., to aid species 
identification or acquire additional footage of specific features. Imaging devices can, 
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alternatively, be attached to remotely operated vehicles, which are manoeuvred from 
the research vessel over a set course or left to drift with the path of the ship (Auster et 
al., 1995; Gutt and Starmans, 2003). 
Still and video cameras may also be affixed to other sampling devices, such as benthic 
sledges, dredges and grabs. This allows researchers to view sediment and epibenthic 
species in situ while also physically collecting the observed organisms for further 
analysis (Tuck et al., 1998; Schwinghamer et al., 1998). For example, Jean and Hily 
(1994) obtained real-time footage from a video camera attached to a sled-dredge 
orientated towards the opening of the bag, allowing control of dredging efficiency 
while tows occurred. 
Underwater imaging devices are useful sampling tools on their own, but, in addition, 
the combination of visual images with other remote-sensing techniques and sediment or 
faunal sampling can increase the amount of information gained by a study or improve 
the quality of results. Photographic or video footage combined with biological or 
sedimentological samples gives a comprehensive illustration of the benthic 
environment and a three-dimensional picture can be constructed when infaunal 
samples and sediment profiles are included (Pogrebov et al., 1997; Kiyko and Pogrebov, 
1997; Collie et al., 1997; Tuck et al., 1998; Schwinghamer et al., 1998; Kloser et al., 2001; 
Bett, 2001). Benthic samples aid species identification and the estimation of biomass 
from photographic abundance values (Smith and Hamilton, 1983; Phillips et al., 1990; 
Piepenburg and Schmid, 1996a, b; Mayer and Piepenburg, 1996; Bluhm et al., 1998; 
Tokeshi, 2002). Seafloor images give additional information that is lost when a 
biological sample is taken, such as the spatial distribution of epibenthic organisms, the 
presence of small or motile fauna that can escape from some physical sampling devices, 
the undisturbed surface of the substratum, or sediment structures such as ripples, 
mounds and pits (Barrie et al., 1984; Klitgaard, 1995; Schwinghamer et al., 1998; Engel 
and Kvitek, 1998; Brown et al., 2002). 
Visual information can produce a detailed illustration of large-scale seafloor 
topography when used in conjunction with remote-sensing techniques such as acoustic 
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measurements (Barrie et al., 1984; Norris et al., 1997; Collie et al., 1997; Tuck et al., 1998). 
Techniques such as side-scan sonar surveys can be used initially to decipher areas of 
interest (Schwinghamer et al., 1998; Bett, 2001), while follow-up photographic or video 
footage aids in the calibration of acoustic results (Brown et al., 2002). Benthic 
photography can complement sediment profiles (such as sediment-water interface 
photographs) giving a three-dimensional picture of the seafloor environment (Wildish 
and Lobsiger, 1987). 
3.2 Image Development, Presentation and Analysis 
Images from underwater photography ca..11. be reproduced in a variety of formats (see 
Table 3.1). Factors influencing the choice of media are associated with the requirements 
of the study, availability of resources and the expense of the equipment. Either black 
and white or colour footage may be produced. Black and white film can be used when 
colour is not necessary for species identification (Glasby and Singleton, 1975; Phillips et 
al., 1990; Roberts et al., 2000) and may be useful for preliminary trials in the research 
area (Wildish and Lobsiger, 1987). Colour footage will provide extra information about 
the environment, such as sediment colouration, and can be beneficial for species 
identification (Schneider et al., 1987; Leonard and Clark, 1993; Bluhm et al., 1998; 
Bernhardt and Griffing, 2001). Video-camera footage has traditionally been produced 
on video cassettes. With the development of digital cameras, however, footage can also 
be stored in CD or DVD format. Photographic footage can be reproduced as printed 
photos (Laxton and Stablum, 1974), negatives (Roberts et al., 2000), slides or 
transparencies (Bohnsack, 1979; Foster et al., 1991; Meese and Tomich, 1992; Kollmann 
and Stachowitsch, 2001; Bernhardt and Griffing, 2001; Teixid6 et al., 2002). 
There is also a range of options by which these pictures can be viewed. Printed 
photographs may be made to a specific size depending on the researcher's 
requirements. Inspection under a dissecting microscope allows a clearer view of 
minute aspects in printed images (Schneider et al., 1987). Film negatives can be viewed 
via binocular microscope or, if a larger image is required, negatives can be projected 
using a photographic enlarger (Roberts et al., 2000). A photographic enlarger can also 
be used to project slides onto an enlarger easel (Meese and Tomich, 1992). The 
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production of photographic slides and transparencies enables images to be displayed in 
a range of sizes and onto a variety of viewing media. Slide projectors can display 
mounted slides onto a wall or screen (Bohnsack, 1979), a drawing board (Kollmann and 
Stachowitsch, 2001) or tracing paper (Foster et al., 1991). An inverse slide projector will, 
alternatively, display images onto the monitor of the device (Magorrian and Service, 
1998; Teixid6 et al., 2002). Photographic transparencies can also be copied in digital 
format via computer (Vago et al., 1994; Fransen et al., 1998; Bernhardt and Griffing, 
2001). Video footage is typically viewed using a video cassette player and TV monitor 
(Leonard and Oark, 1993) and can be saved as a digital file using a computer (Whorff 
and Griffing, 1992). Computers can also be used to produce still images from video 
recordings (Handley et al., 2003). 
Faunal and abiotic factors of the resulting samples can be analysed by an assortment of 
methods. Firstly, however, the perspective of still images should be assessed. Images 
that are perpendicular to the seafloor or reef side can be examined without adjustment. 
If this is not the case and the image is oblique, the application of a Canadian 
(perspective) grid can enable accurate calculation of the size and density of fauna and 
other features (McNeil, 1954; Smith and Hamilton, 1983; Wakefield and Genin, 1987). 
Oblique images have a greater area coverage resulting from an inclined camera angle, 
and are often obtained from cameras attached to sleds or submersibles. 
Still photographs and video footage of the seabed provide qualitative information, 
giving an indication of the benthic organisms, sediment types, and other features such 
as evidence of fishing activity and sediment turbulence, present in the environment 
(Klitgaard, 1995; Schwinghamer et al., 1998; Magorrian and Service, 1998; Roberts et al., 
2000). Most seafloor images may also be suitable for quantitative analysis, allowing 
statistical evaluation of the environment. The basic assessment of species presence or 
absence (per image) gives an indication of changes in faunal spatial distribution (Norris 
et al., 1997; Collie et al., 1997). The number of organisms per frame or over a certain 
length of video footage indicates species abundance, if individual animals are easily 
recognised (Bohnsack, 1979; Wildish and Lobsiger, 1987; Schneider et al., 1987; Mayer 
and Piepenburg, 1996; Tokeshi, 2002; Gutt and Starmans, 2003). Biomass values can 
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also be estimated using abundance counts if the size of individual organisms is 
recorded and biological samples of the species are collected and weighed (Piepenburg 
and Schmid, 1996a, b, 1997; Bluhm et al., 1998). Unfortunately, abundance measures 
may not be appropriate for colonial organisms, such as corals, sponges and bryozoans. 
An alternative to abundance counts is to measure species percentage cover per frame, a 
measure that can be applied to both individual and colonial animals. There are several 
methods by which this can be obtained. A grid overlayed onto the image can be used to 
divide the frame into equally sized squares, aiding visual estimation of percent cover. 
For instance, cover values can be measured as the number of squares per image 
containing a certain species (Mayer and Piepenburg, 1996), or each square may 
represent a known percentage of the frame, e.g., a value of 0-4 % species cover is 
estimated for each square and the sum of the 25 squares of the grid gives total percent 
coverage for each species per sample (Dethier et al., 1993; Ferdeghini et al., 2000). 
Another approach is the dot method (Sebens, 1986; Foster et al., 1991; Meese and 
Tomich, 1992; Barnes, 1994; Auster et al., 1995; Engel and Kvitek, 1998), which involves 
an array of dots, either ordered or randomly distributed (using a squared grid), 
overlayed onto the image. The taxon or feature that falls under each dot is recorded. 
The total number of dots per category divided by total dots per frame (x 100) equates to 
the coverage(%) of that species or feature per sample. The number of points per frame 
should be adjusted depending on the size of the image and the requirements of the 
study. A greater number of points per frame gives a more realistic representation of 
faunal cover, as there may be a greater possibility of including rare or small organisms. 
The entire fauna! or abiotic cover of an image can also be assessed. A common 
approach is to produce a basic drawing of each slide in which the perimeter of each 
organism or feature is outlined (Meese and Tomich, 1992; Kollmann and Stachowitsch, 
2001; Teixid6 et al., 2002). The relative coverage of each object is calculated by dividing 
the area of each object by the total area of the drawing. These drawings may be made 
on transparency sheets attached to the monitor of an inverse slide projector, or with the 
projection of the slide onto tracing paper. If printed photographs are produced, the 
outline drawing can be made on a transparency sheet overlaid onto the print. Area and 
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perimeter measurements for each outlined object can be calculated using a planimeter 
(Littler, 1971; Laxton and Stablum, 1974), a digitising pad (Kollmann and Stachowitsch, 
2001) or scanned with the resulting file evaluated using an image analysis application, 
such as NIH Image (Bernhardt and Griffing, 2001; Teixid6 et al., 2002), Sigma Scan 
(Meese and Tomich, 1992; Handley et al., 2003) or other commercially available 
software (Whorff and Griffing, 1992; Vago et al., 1994). A digital copy of the original 
photograph can also be analysed using image-processing programs (Vago et al., 1994; 
Handley et al., 2003). Laxton and Stablum (1974), alternatively, cut out each object from 
a printed photograph, weighed each piece, and calculated percentage cover as the 
weight of the object divided by the weight of the whole photograph (x 100). 
A more subjective method of analysing visual samples is to assign categorical values to 
each picture. Schneider et al. (1987) classified the substratum in each photograph into 
one of six categories, including sand, gravel, cobble and shell material. Norris et al. 
(1997) used a subjective measure of low, medium and high for seagrass density at 
chosen positions on an underwater video recording. 
3.3 Benefits, Limitations and Efficiency 
The use of submersible imaging devices as sampling tools can reduce the amount of 
time spent in the field (Bohnsack, 1979). The use of hand-held cameras by SCUBA 
divers to collect quadrat samples, in place of recording visual observations in situ, can 
significantly reduce dive time and enables a greater number of replicates to be taken. 
As noted previously, some camera systems can take a series of consecutive images at 
regular intervals. Consequently, a large number of replicates can be obtained in rapid 
succession over a short period of time and can be analysed at a later date without time 
constraints or loss of sample quality. Photographic samples eliminate the need to sort 
large quantities of trawl or grab samples while at sea. 
Photographic and video footage provides a realistic representation of the study area 
(Roberts et al., 2000; Kollmann and Stachowitsch, 2001; Roberts et al., 2005; Costello et 
al., 2005). Species behaviour has typically been reasoned from anatomical observations 
of preserved specimens and deep-sea ecosystem characteristics have been inferred 
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using information from similar shallow-water environments. Not only can underwater 
pictures give new insights into the functioning of marine ecosystems, but they can also 
provide evidence of rarely observed and extreme environments. For instance, Chezar 
and Lee (1985) obtained images of the biota and mineral deposits surrounding deep-sea 
hydrothermal vents, and NIWA (2005) recently described communities of tubeworms 
and mussels surrounding submerged active volcanoes of the Kermadec Arc, northeast 
of the Bay of Plenty. 
Photographs and video tapes are permanent records of often cryptic environments 
(Dodge et al., 1982; Foster et al., 1991; Leonard and Clark, 1993; Norris et al., 1997; Reed 
et al., 2005). These images provide an excellent record of the baseline community and 
environmental conditions. Visual evidence of the original environment facilitates 
detailed monitoring schemes for delicate ecosystems, such as coral and sponge reefs, as 
submarine ecosystems come under increasing stress from adverse factors, including 
climate change, pollution and destruction by ground-fishing gear. When stored, 
photographic and video records occupy only a small amount of space (Bohnsack, 1979) 
and images can easily be reanalysed if additional data are required (Norris et al., 1997; 
Costello et al., 2005). 
Perhaps the most significant benefit of using submersible camera systems for sampling 
marine environments is the non-destructive nature of the equipment (see Bohnsack, 
1979; Roberts et al., 2005). As the requirement for preservation and restoration of rare, 
fragile, or damaged aquatic ecosystems becomes increasingly apparent, ecological 
studies should not only assess the dangers marine environments face but also avoid 
causing further unnecessary damage. Traditional sampling techniques, such as grabs, 
trawls, dredges and diver-taken samples, physically collect organisms and sediment for 
analysis. If the ecosystem under investigation is small or endangered this may disturb, 
crush, destroy or remove a significant proportion of the habitat. If the ecosystem is 
already under stress from other factors, the habitat may also take a longer time to 
recover from invasive research techniques. By contrast, underwater photographic 
devices typically cause no more damage than displacement of sediment or squashing 
organisms beneath the legs of the frame or rails of the sled. Seafloor imagery is useful 
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for long-term monitoring programmes, allowing for the analysis of survival and growth 
rates, or changes in the shape or spread of specific organisms (Handley et al., 2003). Re-
examination of the study area can be undertaken in the future as habitat is not removed 
or destroyed. Non-destructive underwater image sampling can be of benefit for a range 
of investigations, from surveying vulnerable coral reefs (Vago et al., 1994; Roberts et al., 
2005) to use in ventures such as sponge farming (Handley et al., 2003). 
There are also drawbacks when using camera systems to obtain images of the seafloor. 
Large expenses may be incurred during construction and maintenance of camera 
systems, photographic development and with equipment required during image 
analysis. Unless the equipment is readily available, the cost of constructing a camera 
system or obtaining additional equipment may not be justified for achieving the aims of 
the study (Bohnsack, 1979; Solan et al., 2003). It is also a possibility that as the level of 
technology applied to underwater camera systems increases so does the risk of 
technical failure. Problems involving power supply, faulty flash units and camera 
malfunctions have been encountered in past studies, sometimes resulting in a failure to 
produce photographs or the production of unusable images (Sebens, 1986; Meese and 
Tomich, 1992; Fossa et al., 2005). Sensitive camera systems may also be susceptible to 
adverse weather conditions, such as high bottom-water turbidity (Bohnsack, 1979; 
Piepenburg and Schmid, 1997) and rough terrain, or may not be appropriate as a 
sampling tool in some environments, such as Antarctic locations where ice can obscure 
the deployment of an imaging apparatus (e.g., Piepenburg and Schmid, 1996b). Picture 
quality can also depend on the relative flatness and type of substratum and the degree 
of water visibility (Bohnsack, 1979). Equipment failure may result in additional 
expenses, for mechanical repair or resampling, when the system has failed to produce 
reliable samples. The use of digital cameras may reduce the incidence of photographic 
failure, as images can be viewed while at sea, rather than waiting for failed films to be 
developed at a later date. 
As has been mentioned, photographic and video sampling can save time in the field 
and allows sample analysis to be undertaken in the laboratory. The time taken to 
analyse visual samples can exceed the time taken for the analysis of preserved 
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specimens or sediment samples. Firstly, if photographic film has been used, extra time 
is required to develop the pictures. Secondly, some image-analysis procedures can take 
a longer time than in situ quadrat analysis or measurement of sediment weights and 
specimen counts (Dodge et al., 1982; Foster et al., 1991; Leonard and Clark, 1993; 
Magorrian and Service, 1998). This is not always the case however (Bohnsack, 1979) 
and pictures produced by digital cameras may reduce the time required for image 
analysis as the need to develop and scan photographs is eliminated. 
Species detection and identification can pose a problem when analysing underwater 
images (Bohnsack, 1979; Foster et al., 1991; Roberts et al., 2000). Photographic prints 
and video footage give only a two-dimensional perspective of an organism and 
microscopic examination is not possible. Increased spatial heterogeneity, highly diverse 
communities and multilayered assemblages increase the chance of inaccurate organism 
detection or identification, resulting in undersampling complications. Reference 
specimens collected from the research area may provide 'ground-truthing' information 
and improve species identification (Fossa et al., 2005). Furthermore, expert advice may 
be sought from researchers with specialist knowledge of species particular to the area 
under examination. Very small organisms may still, unfortunately, be overlooked or 
remain unidentified (Leonard and Clark, 1993; Mayer and Piepenburg, 1996). 
3.4Summary 
In summary, submersible photographic sampling devices range from handheld to 
mounted still, digital and video cameras, and can be used for a substantial range of 
applications in intertidal to deep-sea environments. Despite some limitations, including 
sensitivity to adverse weather and the expense of the equipment, photographic 
sampling techniques have an extensive number of benefits. Table 3.2 is a summary of 
the benefits and limitations of underwater photography as a marine research tool. 
Photographic and video footage supplies permanent, visual records, of the species 
present and their spatial distribution within the environment. Visual information is 
attained over a short timeframe, with minimal impact on ecosystems that may be small, 
fragile or under stress from natural and anthropogenic pressures. Photographic 
sampling allows for the implementation of long-term monitoring programmes, by 
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providing baseline community information and preserving the habitat for future 
investigation. 
Table 3.2 Summary of the pros and cons of using underwater imaging devices as marine research tools. 
Underwater photography as a sampling tool: 
Pros 
+ Visual image of the 
ecosystem/ environment 
+ Use in conditions & environments 
inaccessible to humans 
+ Use in conjunction with other sampling 
techniques 
+ Easy to reuse and reanalyse images in 
future 
+ Minimal fieldwork required 
+ Variety of devices 
+ Variety of analysis procedures 
+ Large number of replicates 
+ Variedrangeofdata 
+ Permanent record & baseline information 
+ Minimal storage space 
+ Non-destructive 
Cons 
+ Time-consuming - film processing and 
follow-up image analysis 
+ Affected by bad weather & oceanic 
conditions 
+ Requires groundtruthing for species 
identification 
+ Sensitive equipment - easily broken, 
frequent malfunctions 
+ Variable picture quality 
+ Can be expensive 
After an extensive review, it was concluded that underwater photography would be 
appropriate for this study for several reasons. Photographic sampling allows for a 
finer-scale analysis of an epibenthic community that has typically been sampled 
qualitatively and at the scale of metres to kilometres with physical sampling trawls and 
dredges (Probert et al., 1979; Batson, 2000). Still photographs will produce information 
to quantitatively confirm the patchy distribution of the bryozoan thickets, previously 
revealed by the ROV footage produced by Junge (1998). Visual sampling may also 
allow for an examination of the function of the dominant frame-building bryozoan 
fauna in relation to other megafauna, providing a complement to Wood's (2005) 
investigation of the macrofaunal communities. associated with three of these bryozoan 
species. Finally, an underwater camera system provides a minimally destructive 
method of sampling fauna that are fragile and easily fragmented by physical sampling 
gear (Batson, 2000). 
Methodology 




A submersible imaging system was used for a fine-scale photographic study of the 
bryozoan thickets and associated biota of the Otago continental shelf. The device used 
for this study was the Department of Marine Science's . purpose-built stills camera 
system. The frame and central housing were built over 20 years ago and the system 
was originally designed for stereo photography. More recently, the original cameras 
and strobes were replaced with a single camera and strobe acquired from the 
Department's Remotely Operated Vehicle (ROV). With updated electronics and a new 
battery power mechanism installed, this system was used successfully by Batson (2000) 
as part of a study of the Otago continental shelf bryozoan thickets. 
The Frame 
The steel frame stands on four reinforced legs (renewed for this study). A housing 
cylinder was at the centre of the frame, with the camera unit to one side and the strobe 
unit to the other (Fig. 4.la). The camera and strobe were both orientated downward; 
the camera was positioned vertically, while the strobe was tilted slightly inwards to 
ensure adequate light dispersal over the photographed area. Perspex sheets were 
installed beneath the units to protect the lens and flash bulb from possible damage by 
protruding bottom features. A st~el mesh covered the top of the apparatus to ensure 
the suspension chain did not become entangled in the frame or cables connecting the 
camera, strobe and housing unit. A mercury switch was attached to a corner on the 
camera side of the frame (Fig. 4.lb). A length of chain and weight were attached to the 
mercury switch. 
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Figure 4.1 (a) The camera system on deck, and (b) being winched over the rear of the RV Munida. 
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The process for firing the camera was as follows. When the weight touched the 
seafloor, tension in the chain was relaxed. This triggered the mercury switch, firing the 
camera and flash simultaneously. The system was then raised off the bottom, allowing 
the chain to become taut and permitting the flash to recharge before another 
photograph was taken. The trigger chain was maintained at a length of 1 m to comply 
with the focal distance settings of the camera. The chain length dictated the camera's 
distance from the seabed when the system was triggered. The length was measured as 
the focal distance setting, in this case 0.75 m, plus an extra 15 cm to include the 
additional length of chain between the mercury switch and camera. 
The Central Housing and Strobe 
The central housing cylinder contained electronics and the battery pack. The camera 
system initially required a power level of at least 8.0 volts, provided by six 1.5 v D-size 
batteries. There was also an electronic counter recording the number of camera firings, 
with the counter display viewed through a glass port on the underside of the central 
housing (Fig. 4.lb). The central housing had a depth rating of 550 m. 
During the course of this study, however, certain electronic adjustments were made. 
The batteries were replaced with a single rechargeable 6 v dry cell. The counter device 
was adapted to report not only the number of camera firings, but also the number of 
misfires (i.e., attempts to trigger the camera while the flash was recharging). The 
counter also indicated the length of time it took for the flash to recharge. The electronic 
system prevented the camera from firing for 15-30 s after each photograph, to avoid 
accidental double shots or dark images. The counter was reset by successively 
triggering the mercury switch five to six times. 
The strobe was powered by the dry cell contained within the central housing. It took 5-
30 s to recharge after each photograph. This was, however, dependent on the amount 
of battery power remaining, with a greater power supply resulting in a shorter recharge 
time. The angle of the strobe could be adjusted at its frame attachment. The depth 
rating for this unit was 600 m. 
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The Camera 
This was a Camel C136 still underwater camera with a Nikonos 28 mm 1 : 3.5 lens. The 
power switch, cable connectors and attachment clip for fitting the camera to the frame 
were found on the exterior of the camera housing case. The housing case was sealed 
with a locking clip and a series of o-rings. 
The camera's electronics were given a service and upgrade before fieldwork 
commenced and were adapted throughout the study. The camera was powered by two 
9 v batteries, which lasted for three to four rolls of 36-exposure film. There was no 
automatic rewi_nd function, so an empty film canister needed to be inserted onto the 
take-up spool. Focal length and F-stop settings could be adjusted on the lens allowing 
changes in focus or in the size of the area to be photographed. The camera unit needed 
to be unclipped from the frame and opened in a darkroom or portable dark bag in order 
for the film to be changed. Theo-rings of the camera, as well as those of the central 
housing, required regular greasing to ensure there were no water leaks, and a silicone 
spray or gel was applied to the system's brass connectors before attachment. 
After several camera tests in Otago Harbour and at sites on the Otago continental shelf, 
200 ASA colour film was chosen as most suitable film for providing clear, well-exposed 
colour images. The majority of images were taken using 200 ASA Sensia or Kodak Elite 
Chrome slide film, while some images were developed on print film and reproduced as 
slides. 
Primary camera trials also facilitated the choice of focal length and F-stop settings. The 
focal length (f.l.) or focal distance is the distance between the film and the seafloor, and 
is set in metres or feet on the Nikonos lens. The focal length was set to three-quarters of 
the required focal length due to the refraction of light as it passes from air to water. The 
depth of field, the area between the foreground and background, also required 
consideration and a change in the depth of field was produced by an adjustment of the 
lens aperture, measured in F-stops. For example, a large depth of field allows both the 
foreground and background to be in focus and is the result of a small lens aperture ( e.g., 
an F-stop setting of 22). This large setting, however, requires more light and image 
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definition will not be very sharp. It was decided that, as this study would be a fine-
scale investigation, a shorter focal length would be most appropriate. This also enabled 
clearer species identification. A 1 m focal distance was chosen requiring a f .1. setting of 
0.75 m. A moderate depth of field was decided to be the most appropriate setting for 
the low-lying bryozoan thickets and the F-stop was set to 8. These settings allowed all 
levels of the bryozoan thickets to be clearly visible, with the resulting photographs 
covering an approximate area of 0.31 m2. The height to width ratio of the images was 
1:1.5; therefore, the actual average area covered by an image was 0.45 m x 0.68 m. These 
area measurements are average measures and individual images varied slightly. 
4.2 Deployment from the RV Munida 
The University of Otago' s 15 m research vessel RV Munida was used for the deployment 
of the camera system throughout the course of the study. 
Once a film was loaded into the camera and the unit switched on, one or two test firings 
were done on deck to ensure the system worked correctly. The system was attached to 
the hydraulic winch cable of the vessel, raised over the stern and lowered into the water 
column. The weight would contact the bottom as the frame neared the seabed, 
triggering the mercury switch and firing the camera and strobe. The apparatus would 
continue to be lowered until the frame made contact with the seafloor, indicated by the 
winch cable becoming slack. It was then raised slightly, usually 1-2 m, allowing the 
trigger chain to regain tension and the flash to recharge. After 15-30 s the camera 
system was lowered until it made contact with the seafloor again, taking another 
photograph. While this sampling procedure took place, the RV Munida would drift 
slowly, generally at 0.1-1.0 knots, but up to a maximum of 1.8 knots on occasion. This 
ensured adequate coverage of the sampling location and avoided photographing the 
same area more than once. This process was repeated about 30 times for a 36-exposure 
film. The device would then be recovered and, once back on board, the camera would 
be switched off, disconnected from the frame, dried and placed in a dark bag where the 
film was removed and replaced. 
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4.3 Additional Data Collection and Sampling Efficiency 
The time, water depth, longitude and latitude of each photograph were recorded from 
the vessel's GPS system. Drifting speed was also monitored and recorded. Additional 
information on weather conditions and any technical problems were also noted. 
When the camera system was working correctly, it took 25-30 min to complete a 36-
exposure film (45 s per photograph). It would then be another 20-30 min on deck to 
remove and replace the film, and to reconnect the camera unit to the frame. This part of 
the process could be done while the vessel was travelling to the next sampling location. 
Approximately 1 hour was required to obtain 30 photographs from one sampling 
location. A considerable number of photographic samples could, therefore, be obtained 
during a day at sea depending on the position of sampling locations and prevailing 
weather conditions. The maximum quantity of fieldwork completed during one day of 
this study produced six rolls of 36-exposure film resulting in 128 good quality 
photographic samples. 
Sampling with the camera system did not require more than three crew members. One 
person operated the hydraulic winch, while two people stabilised the camera during 
deployment and recovery over the stern of the vessel. Once the camera was 
submerged, one person continued to operate the winch, another maintained the vessel's 
drifting speed and direction, while the third person recorded data for each photograph. 
4.4 Sampling Limitations and Problems 
There were a few limitations encountered while using this camera system. Adverse 
weather conditions affected the deployment of the imaging device. If a large swell (>3 
m) was present, the sea was otherwise rough or a strong wind prevailed, it was not 
possible to safely deploy and recover the heavy camera system. Damage to the camera 
system, research vessel or crew was a serious risk and sensing when the apparatus had 
reached the seafloor was problematic in rough weather. Similarly, at the deeper 
stations (>90 m), the weight of the winch cable became greater than that of the camera 
system and, as a consequence, the cable no longer lost tension on bottom contact. This 
study did not usually investigate depths where this became a serious problem; 
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however, the attachment of an acoustic pinger to the frame or a tension gauge to the 
cable may have helped to overcome this limitation. Turbulent seas further 
compromised the ability of the apparatus to land evenly on the bottom. Special care 
also had to be taken to ensure the camera system was raised a sufficient distance off the 
bottom between photographs, to account for changes in sea level owing to swell. 
There were a number of technical problems experienced when sampling. Some of the 
images produced were initially black or very dark as a result of the camera being fired 
before the flash had fully recharged. This was avoided by a change in the electronics 
preventing the camera from being triggered for up to 30 s after each photograph. The 
corners or edges of some images were missing owing to film misplacement. This was 
remedied by careful alignment of the film cartridge, take-up cartridge and the film as it 
passed through the frame advance mechanism. On occasions the camera system would 
take only a few or no photographs. This was commonly because of low battery power 
resulting in the strobe failing to reach full charge. Consequently, the original battery 
charger unit was replaced as it was found to be faulty and several backup dry cells were 
taken on each voyage. 
General system failure, however, occurred with some frequency. The cause of this was 
not established, but m.ay have been because of the sensitivity or age of the technology. 
These limitations and problems were taken into consideration during prior preparation 
and with ensuing adjustments of the study design. 
4.5 Sampling Locations 
Camera Trials 
A series of camera trials was conducted (Appendix Three, Fig. A.1) prior to and during 
sampling of the research area, to ensure the imaging system. was functioning correctly 
and to determine the appropriate film. type and camera settings. Trial 1 (Tl) occurred 
on 31 October 2002 in Otago Harbour, in the deepest areas around Quarantine and Goat 
Islands. Trial 2 took place on 14 November 2002 at three positions (T2.1, T2.2, T2.3) on 
the Otago continental shelf within the proposed research area. The camera system was 
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then repaired and improved. Following the technical adjustments, two further camera 
trials were conducted on the Otago continental shelf during November 2002. 
Beginning in February 2003, the camera system was again repaired and upgraded. Trial 
3 (T3) was carried out on 3 April 2003, around Quarantine and Goat Islands in Otago 
Harbour. Trial 4 (T4) also occurred in Otago Harbour on 2 May 2003. Sampling of the 
research area began after Trial 4. Two subsequent trials, Trial 5 (TS) and 6 (T6) were 
required, however, on 4 August and 12 September 2003 respectively, at and around the 
RV Munida berth in Careys Bay within Otago Harbour. 
Research Area 
The research area was determined from the distribution and abundance of Otago' s 
frame-building bryozoans reported by Batson (2000), Batson and Probert (2000), Carter 
et al. (1985) and Probert et al. (1979). To achieve adequate coverage of the chosen area, 
five cross-shelf transects (A to E) comprising 22 stations were sampled at 10 m depth 
increments (Fig. 4.2). The area covered a depth range of 60-110 m and was within the 
confines of: 
+ 45°S 48.1301, 170°E 43.5831 
+ 45°S 48.1301, 17D°E 54.7351 
+ 45°S 59.7471, 170°E 43.5831 
+ 45°S 59.747', 170°E 54.7351 
The centre-most transect C was positioned on a bearing off Cape Saunders toward the 
head of Saunders Canyon. This transect consisted of six sampling stations and was the 
first to be completed. The position of transect C was selected as it was most likely the 
centre of Otago' s bryozoan thicket distribution (Batson and Probert, 2000; Batson, 2000). 
Depths sampled ranged from 60 to 110 m, to ensure the main extent of the bryozoan 
distribution was included. Transects B and D were spaced equally to either side of 
transect C, bearing off Papanui Inlet and Hoopers Inlet respectively. Transects A and E 
were placed at the northern and southern limits of the research area, bearing off the tip 
of Taiaroa Head and Ocean Beach respectively. Along transect C, images were taken at 
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water depths of 60, 70, 80, 90, 100 and 110 m. However, as bryozoans were absent from 
the images obtained at 60 and 110 m, transects A, B, D and E were sampled only at 70, 
80, 90 and 100 m water depths. 
Figure 4.2 Chart of the Otago continental shelf adjacent to the Otago Peninsula, with locations of sample 
stations (adapted from Carter, 1986). 
One roll of 36-exposure film was used at each station. The resulting number of 
photographic samples varied and, on · some occasions, very few or no images were 
obtained, for a variety of reasons (see Section 4.4). Some stations were re-sampled at a 
later date (Appendix Three, Fig. A.1). Sample stations were labelled with the transect 
letter, the depth and, if re-sampling was undertaken, the number (as a roman numeral) 
of the sampling occasion, e.g., B80II for the images taken along transect B at 80 m 
during a 2nd sampling deployment. Photographs were labelled from 1 ton of n (where 
n is the number of images per roll of film), in the order of occurrence along the film. 
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4.6 Film Processing 
One to four days were needed for slide or print development (University Print Shop or 
Southern Film, Dunedin). The images were then labelled, scanned, and recorded onto 
CD-R (Appendix One). 
All slides were assessed for picture quality, and slides of poor quality were excluded 
from further analysis. Over- or under-exposure of the film resulted in images that were 
too dark or washed out (Fig. 4.3a). Frame misplacement resulted in the loss of image 
corners or edges (Fig. 4.3b). Images that were too close or far away from the seabed 
resulted from the camera being fired at an incorrect distance from the sea.floor (Fig. 4.3c, 
d). Similarly, blurred images resulted from poor focus due to incorrect camera settings, 
a mis-timed camera firing, or were clouded by the sediment plume produced during 
bottom contact (Fig. 4.3e). The image perspective would be oblique if the camera 
system approached the seabed at an angle deviating from vertical (Fig. 4.3f) rather than 
the required plan-view perspective. 
Slides were also examined for incidence of overlap, i.e., when the same area had been 
photographed more than once. This occurred only once and, accordingly, one of the 
identical images was omitted from further analysis. 
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Figure 4.3 Examples of poor quality photographs resulting from (a) over-exposure (BlOOI 01-01), (b) 
fi lm misalignment (C60 01-08), ( c) and ( d) incorrect focal distance (B70II 26-26 and Unlabelled no.1), 
(e) blurring from a sediment plume (C90 17-25), and (f) oblique perspective (Unlabelled no. 2). 
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4.7 Species Identification 
This study involved the analysis of visual images rather than the collection of biological 
samples. Consequently, detailed information, regarding species shape, colour and size, 
distinctive markings and other relevant features, was collated for the accurate 
identification of epibenthic organisms from the photographic samples. 
Firstly, previous research on Otago continental shelf benthos and sediment was 
reviewed (Andrews, 1973; Probert et al., 1979; Probert and Wilson, 1984; Carter et al., 
1985; Taylor et al., 1989; Junge, 1998; Batson and Probert, 2000; Batson, 2000; Beentjes et 
al., 2002). A list was compiled of the organisms most likely to be encountered 
(Appendix Four). Further biological, physical and ecological details of the listed species 
were obtained from supplementary reference material (Ryland, 1970; Cuffey, 1973; 
Ryland, 1976; Powell, 1976; Zimmer and Woollacott, 1977; Ryland, 1979, 1981; Millar, 
1982; Gordon, 1986, 1989; Ruppert and Barnes, 1991; Crowe, 1999; Clark and McKnight, 
2000; The Tree of Life Web Project, 2001). Portobello Marine Laboratory also had a 
variety of resources available for species identification, including a reference card 
collection, initially compiled by Dr Elizabeth Batham, detailing many of the benthic 
organisms found in the Otago shelf region. 
Live and preserved biological samples were then examined. Observations were 
recorded of the live organisms collected in trawl surveys conducted during other 
sampling voyages of the Otago shelf. This enabled close examination of the colour, size 
and shape of organisms while still alive. Relevant species associations and 
relationships were also noted; for example sponges and ascidians frequently attached to 
and covered large bryozoan colonies. Preserved samples were also examined. It was 
noted, however, that colour and body form was possibly distorted during the 
preserving process of these specimens. 
Expert assistance was also enlisted from researchers familiar with the species present on 
the Otago mid-shelf. Consequently, photographs obtained during Trial 2 were 
thoroughly examined and a list of species and taxa was compiled. Expert help was also 
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enlisted for accurate organism identification throughout analysis of the photographic 
samples. Expert assistance, combined with the additional information gathered from 
reference material and personal observations enabled many of the organisms to be 
identified to genus or species level. Some species, however, could be clearly identified 
only by microscopic investigation or dissection and were identified to the lowest 
possible taxon or into categories based on their physical appearance. For instance, 
sponges were categorised as either Covering Sponges (those that covered bryozoan 
colonies and other organisms) or Upright Sponges (those that grew upwards from their 
basal attachment and often had projecting 'fingers'). The smallest species to be 
positively detected was the encrusting Didemnum sp. covering approximately 2 cm2• 
Thus, organisms with dimensions of 1-2 cm could be clearly detected. 
4.8 Slide Analysis Procedure 
Several techniques were considered for the examination of photographic samples. 
Abundance counts were not appropriate as many of the species under investigation, 
including bryozoans, were colony-forming organisms and it was, therefore, difficult to 
obtain counts of 'individual' animals. Estimation of relative cover, defined as the 
percentage of the photographic sample occupied by a particular species, taxon or faunal 
category, was deemed the most appropriate and useful data type for investigating both 
colonial and non-colonial species. 
Trials of Image-Analysis Techniques 
A number of methods were reviewed for the attainment of percentage cover data from 
photographic samples. Three of these procedures were similar to the dot methods 
described by Bohnsack (1979), Sebens (1986), Foster et al. (1991), Meese and Tomich 
(1992), Barnes (1994) and Engel and Kvitek (1998); i.e., an array of points is 
superimposed onto the sample image and the number of dots beneath which a specific 
type of organism falls equates to the coverage of that particular taxon. Daryl Coup, 
computer technician for the Department of Marine Science, has developed a computer 
program, titled D.O.R (Dots on Rocks), which can be employed for this type of 
procedure. Slides or prints can be scanned or digital photographs procured from a 
digital camera for use with this program. A list of the species expected to occur in the 
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samples is compiled and entered into the program. A photograph is opened in the 
DOR window and a squared grid, with a selected number of randomly placed points 
per square, is superimposed onto the image. To acquire data, the researcher nominates 
a particular species from the list and selects the dots that fall on this species using the 
mouse pointer. This is continued for each species found in the photograph, and the 
resulting data are used to estimate percent cover. 
An alternative method was to display the image through the monitor of an inverse slide 
projector. A transparency with an arrangement of random dots is overlayed onto the 
screen and the organism occurring under each point is noted. Similarly, photographic 
prints, reproduced at a size where all organisms are easily recognisable, may be 
overlayed with a transparency of randomly arrayed points. 
Analysis of the entire image could be undertaken. This involves the construction of an 
outline drawing of every organism or feature within the photograph. This can be done 
either by projecting the image onto a sheet of paper and tracing the outline of each 
animal or object (Bohnsack, 1979; Foster et al., 1991) or by displaying the slide through 
an inverse slide projector and tracing outlines onto a transparency sheet attached to the 
monitor (Magorrian and Service, 1998; Teixid6 et al., 2002). Measuring the area within 
each species outline and dividing this value by the total area of the drawing provides an 
estimate of the proportion of area covered by that organism. The area within an outline 
can be measured using a variety of tools, including a planimeter (Littler, 1971), a 
digitiser (Meese and Tomich, 1992; Kollmann and Stachowitsch, 2001), or via image 
processing software (Whorff and Griffing, 1992; Meese and Tomich, 1992; Vago et al., 
1994; Bernhardt and Griffing, 2001; Teixid6 et al., 2002; Handley et al., 2003). 
The image-processing software ImageJ was downloaded from the Internet and tested as 
a means of calculating percent coverage data from scanned slides or digital scans of 
outline drawings. This is a public-domain Java image-processing program, similar to 
NIH Image (Bernhardt and Griffing, 2001; Teixid6 et al., 2002). The NIH Image 
software can be used only on Macintosh computer systems, while ImageJ is a 
downloadable application for Windows, Mac OS, Mac OS X, and Linux systems, 
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available from http://rsb.info.nih.gov/ij/ download.html. ImageJ could display, edit, 
process, analyse, save and print 8- , 16- , and 32-bit images in a variety of formats, 
including TIFF, GIF, JPEG and BMP. The program could also calculate distances, 
angles, areas and other spatial measurements for selected objects, in pixels or with 
spatial calibration enabling measurements in real dimensions such as millimetres. 
All of the above methods were tested and evaluated for the availability of the 
equipment, the efficiency of the technique and the quality of the resulting data. 
Consequently, the slide analysis procedure designed for this study was intended to 
produce relative cover values (%) for species. The choice to measure the entire area of 
each slide was made to accommodate the highly variable distribution of the bryozoans 
on the Otago shelf (Batson, 2000), as coverage data appeared to give a reasonably 
realistic view of the ecosystem, while still producing data that were appropriate for 
statistical analysis. Assessment of the entire image also ensured that most rare or small 
(but visible) organisms (e.g., small fish and crustaceans) were included in the data set. 
A slide projector was readily available from the Department of Marine Science, 
enabling the images to be displayed onto a range of media, including walls and screen, 
at variable sizes (compared to the inverse slide monitor, which had only two size 
settings). The use of paper for outline drawings was less expensive than using 
transparency sheets over the inverse slide monitor. 
The decision to use ImageJ for drawing analysis, rather than a digitiser or planimeter 
was made for reasons of equipment availability and efficiency. Using either the 
planimeter or digitiser was a lengthy process and the availability of the equipment was 
highly dependent on other researchers' needs. ImageJ could, alternatively, be 
downloaded onto a personal computer and was capable of producing coverage data 
relatively quickly. The program also allowed for a range of spatial measurements to be 
made and for real size calibration, if necessary. The resulting data could be entered 
directly into an Excel worksheet or other spreadsheet, therefore eliminating the need for 
manual data entry. 
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Slide analysis procedure 
Drawing an Outline 
The first step involved the construction of an outline drawing of each seafloor 
photograph. A slide was projected onto an A4-size sheet of paper and the outline of 
every individual organism, colony or feature present within the picture was traced onto 
the sheet (e.g., Fig. 4.4). 
GS 
PG 
Figure 4.4 An example of a drawing with outlines of epibenthic organisms and sediment patterns. The 
code within each outline indicates to which category the object belonged. 
Regions that were in shadow, blurred or obscured by the plume of sediment caused by 
the weight were also outlined and would eventually be eliminated from the overall 
calculation for cover (e.g., see Foster et al., 1991). A letter or number code was written 
inside each of the outlined objects, indicating the species or category ( e.g., 5 for 
Cinctipora elegans, and MR for M.aoricolpus roseus shells). These outline drawings were 
scanned at 300 dots per inch and saved as black and white Bitmap image files. 
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Acquiring Data 
Using ImageJ, each scanned drawing was put through a sequence of operations (Fig. 
4.5) to improve the clarity of the illustration (e.g., see Whorff and Griffing, 1992). The 
Despeckle function removed 'salt and pepper noise' from the image, i.e., any dots and 
dust flecks that may have been saved on the image during the scanning process by 
replacing each pixel of the image with the median colour value of the 9 surrounding 
pixels. The Smooth application smoothed bumps in the pencil-drawn lines by replacing 
each pixel with the average of the 9 surrounding pixels. The Sharpen function was then 
used to improve the clarity of the lines by replacing each pixel with a weighted average 
of the surrounding pixels. Overall, these processes removed unwanted marks, 
increased the contrast and accentuated the detail of the image. 
A series of measurements was then completed for each drawing (Fig. 4.6). Area 
measured the size of each object in square pixels, while Perimeter gave the length (in 
pixels) of the outside boundary of the object. Area and Perimeter were measured for 
every outlined object. The remaining area of the drawing, i.e., the area not covered by 
organisms, was also measured. The resulting values were recorded in an Excel 
worksheet and the relative cover of each species was calculated as a percentage. Areas 
of shadow or blurring were eliminated from the overall equation as it was difficult to 
assess the benthic coverage in these areas (Foster et al., 1991). 
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The slide analysis procedure was carried out twice for each photograph to 
accommodate the multilayered nature of the bryozoan-thicket assemblage. In the first 
instance, only large frame-building bryozoan species were assessed. Any area of 
overlying sponge, other encrustation or attached organism was ignored. This was done 
to examine the full extent of bryozoan species thought to be important habitat 
providers. The eight bryozoan species of this drawing were selected as they form 
significantly sized colonies and possibly supply an important habitat resource for other 
organisms. The second drawing included all other epibenthic organisms. Boundaries 
between differing sediment types were also marked on this drawing. The second 
drawing facilitated an evaluation of the biodiversity associated with frame-building 
bryozoan species. Each drawing was labelled with the slide label and either FB (Frame-
building Bryozoans) for the first drawing or EC (Epibenthic Community) for the second 
drawing. 
Calibration for Real-Size Measurements 
The weight attached to the trigger chain and mercury switch was often visible in the 
photographs and was used to calibrate the scanned images with the actual area covered 
in the photographic samples. The weight was cylindrical with a circular top of 70 mm 
in diameter. The diameter would always be the maximum distance between any two 
points of the top of the weight, despite its perspective in the photograph. The diameter 
of the weight top for each image was measured using the Feret' s Diameter function, also 
known as calliper length, which is a measure of the longest distance between any two 
points within a selected shape. 
4.9 Statistical Analysis 
Percent cover data from the drawings were labelled as Frame-building Bryozoan (FB) 
data for the first drawing and Epibenthic Community (EC) data for the second drawing. 
The raw data are presented in Appendix Two. 
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Before analysis was undertaken, the normality of the data was assessed. The points of a 
normal probability plot should form a straight line if the residuals are normally 
distributed (Sokal and Rohlf, 1995). Any departure from a straight line may indicate 
that the normality assumption, required for most univariate statistical procedures, is 
invalid. The Anderson-Darling (AD) statistic, an empirical cumulative distribution 
function, indicates when the data do not fit a normal distribution (Anderson and 
Darling, 1952). It was decided that the data had a significantly normal distribution if 
the P-value of this test was equal to or greater than a 5% significance level. A residuals 
vs. fitted values plot is another check for normal distribution and establishes whether 
the residuals of the data have constant variance, a property of normally distributed 
data, resulting in a random pattern of residuals on both sides of zero on the y-axis 
(Sokal and Rohlf, 1995). 
Residuals produced by the two-way analysis of variance were used to construct a 
normal probability plot and residuals vs. fitted values plot. Data transformation was 
required as data distributions were skewed towards the smaller percentage cover 
values. The Log10(x+l) transformation produced the most symmetrical distribution, 
and allowed easy back transformation using antilog(x)-1 or 1ox-1, where x was the 
percentage cover value. 
Univariate and multivariate statistical analyses were conducted to investigate patterns 
of faunal distribution, to establish the taxa primarily indicative of the bryozoan-thicket 
assemblage and to examine some of the statistical analyses applicable to data obtained 
from photographic samples. The majority of univariate statistical procedures were 
conducted using the statistical software MINITAB© v.14, while univariate species 
diversity indices and multivariate procedures were calculated using the PRIMER 5 
(Plymouth Routines In Multivariate Ecological Research) package (PRIMER-E Ltd., 
Plymouth, UK). 
Descriptive statistics were calculated for each taxonomic variable. The 95% confidence 
interval was calculated using the pooled standard deviation (s) from the two-way 
analysis of variance in lieu of the standard deviation or error for the mean, as standard 
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deviations and errors are meaningless when back transformed (Sokal and Rohlf, 1995). 
Confidence intervals for stations C60 and C110 were not calculated, as these stations 
were not included in any further ANOV A calculations. 
Two-way analysis of variance (ANOV A) was conducted to assess the distribution of 
faunal percentage cover in relation to selected environmental factors. Two factors, depth 
and transect, were investigated. Depth referred to the depth of the water column at 
which each station was situated, and had four fixed effects: 70, 80, 90 and 100 m. 
Transect referred to the north-south position of the stations, determined by the position 
of the transects throughout the research area, and had five fixed effects: A, B, C, D and 
E. Although only two factors were investigated, it was noted that the chosen factors 
could be indicative of or related to other environmental factors, such as changes in 
hydrology and continental-shelf width. The model examined with the ANOV A was: 
depth, transect and the interaction term depth*transect. The F-test of the ANOVA tested 
the null hypothesis of no difference between station means (Ho: µi+µ2+ ... µn). A 
significant P-value indicated that there was sufficient evidence to conclude that not all 
station means were equal. The significance deemed appropriate for this study was an 
alpha (a) level equal to or less than 0.01, i.e., a 1 % significance level (Sokal and Rohlf, 
1995). 
As a significant F-statistic did not identify which of the means were different, further 
analyses were performed. If the F-statistics for any of the model terms were significant, 
an interaction plot was constructed to graphically illustrate the patterns described by 
the ANOVA. If the interaction term depth*transect was significant, a Tukey's 95% 
Simultaneous Confidence Intervals procedure was conducted. This was a multiple 
comparisons test that assessed the practical significance of differences among station 
means. Tukey' s procedure calculated a set of confidence intervals for each pairwise 
combination of station means. The null hypothesis of no difference between means was 
rejected if zero was not contained within the resulting confidence interval. 
Additional regression analysis was also applied if the interaction term of the two-way 
ANOVA was significant. To further assess the differences among means for transects 
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and sampling stations, a regression analysis modelled depth and transect, using four 
dummy variables (DV(A)-DV(E)) for the five transects A-E. The dummy variables were 
assigned as DV(A)=1 if the data came from transect A, with DV(A)=O if the data came 
from all other transects (B - E); DV(B)=1 if the data came from transect B, with DV(B)=O 
for all other cases; DV(D)=1 for data from transect D, with DV(D)=O for all other cases; 
and DV(E)=1 for data from transect E, with DV(E)=O for all other cases. The model 
tested by the regression analysis was: depth, DV(A), DV(B), DV(D), DV(E), and the 
interaction terms, depth*DV(A), depth*DV(B), depth*DV(D), depth*DV(E). Transect C was 
used as the reference for the dummy variables as it occupied the central position. For 
example, a significant F-statistic for the DV(A) term indicated a difference in the means 
of transects A and C. A significant interaction term suggested a difference in the station 
means of the particular transect in reference to transect C stations, implicating both 
depth and the north to south position of the transect as factors affecting the coverage of 
the variable. 
The Pearson product moment correlation coefficient was used to investigate possible 
relationships between taxa. The correlation coefficient was considered significant at a 
:::;;Q.01 a-level. Scatter graphs were plotted to visually assess significant correlations. 
Although the correlation coefficient did not confirm a relationship between the 
variables, significant correlations signified variables that changed distribution in a 
similar fashion. 
The biological diversity of the epibenthic community was also assessed. Species 
diversity statistics were calculated for each sampling station, using the DIVERSE 
function of PRIMER 5. Total species (S) is a direct measure of species richness. The 
Shannon-Wiener diversity (H') and Berger-Parker dominance (d) indices are commonly 
used indices and were calculated for each station, to facilitate a comparison of the 
faunal assemblages within the thicket community. The measurement of diversity 
generally involves the calculation of a single statistic to describe the species richness 
(i.e., the number of taxa present) and equitability or evenness (i.e., how evenly the 
individual organisms are distributed among species) of the assemblage. 
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Further evaluation of the community composition was performed using cluster and 
non-metric multi-dimensional scaling analyses (MDS) to graphically examine within-
microhabitat as well as between-microhabitat similarities (or dissimilarities) (Field et al., 
1982; Clarke and Green, 1988; Clarke, 1993). Similarity was calculated between each 
pair of stations using the Bray-Curtis coefficient (Bray and Curtis, 1957), with 100% (or 
1) for total similarity between stations to O for total dissimilarity. The resulting 
similarity matrix was applied to construct a non-metric MDS ordination plot. The stress 
value gives a measurement of goodness-of-fit of the MDS ordination. A low stress 
value ( <0.2) indicates a good ordination with no real prospect for a misleading 
interpretation (Clarke, 1993). 
Analysis of similarities (ANOSIM) was used to test for significant differences (P<0.05) 
in community structure between stations groupings (Clarke, 1993). The taxa 
contributing to the majority of the dissimilarity between groups were ascertained using 
Similarity of Percentages (SIMPER) (Clarke, 1993). Likewise, the taxa contributing to 
the majority of the similarity within a group were also determined using the SIMPER 
function. 




Eight frame-building bryozoan species were examined as part of a quantitative 
investigation of the benthic bryozoan-thicket community present on the Otago 
continental mid-shelf. The eight frame-building bryozoan species investigated included 
three cyclostomes, Cinctipora elegans (Cinctiporidae), Hornera robusta and Hornera foliacea 
(Horneridae); and five cheilostomes, Adeonellopsis spp. (Adeonidae), Cellaria immersa 
(Cellariidae), Celleporaria agglutinans (Celleporariidae), Celleporina grandis (Celleporidae) 
and Hippomenella vellicata (Schizoporellidae). 
Percentage cover data of frame-building Bryozoa (presented in Appendix Two) were 
statistically analysed (see Section 4.9). The results are presented numerically and 
graphically, and a description of frame-'building bryozoan abundance, distribution, and 
species relationships follows. 
5.2 The Frame-Building Bryozoan Species 
Cinctipora elegans Hutton 
(Class: Stenolaemata, Order: Cyclostomata, Family: Cinctiporidae) 
Cinctipora elegans is a cyclostome bryozoan that is endemic to New Zealand. Cinctipora 
elegans colonies have been described as erect rigid, delicate branching (Nelson et al., 
1988a; Smith and Nelson, 1996). The bush-shaped colonies can be very large, attaining 
heights of at least 15 cm and extending over 0.5 m2 laterally (Willan, 1981). This species 
has been found from 12 to 192 m depths (Boardman et al., 1992) and can be abundant to 
such a degree as to be considered an ecologically important species, e.g., at Paterson 
Inlet (Willan, 1981) and Foveaux Strait (Cranfield et al., 1999; Cranfield et al., 2001; 
Cranfield and Michael, 2002; Cranfield et al., 2003). Cinctipora elegans was the dominant 
sessile species collected by Batson (2000) and Probert et al. (1979) in the dredge hauls 
from the mid-shelf off Otago Peninsula. 
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In the present study, Cinctipora elegans was often extensively fouled by other biota, in 
particular by sponges and organic debris such as shell fragments and urchin skeletons. 
The living, pink-hued growth tips clearly identified Cinctipora elegans colonies in 
photographic samples (e.g., Fig. 5.1). 
Hornera robusta MacGillivray 
(Class: Stenolaemata, Order: Cyclostomata, Family: Horneridae) 
Hornera robusta is a hornerid cyclostome that has been found on continental shelves 
around Australia and New Zealand, including Tasman Bay (Bradstock and Gordon, 
1983) and the Otago shelf (Junge, 1998; Batson, 2000). This species has an erect-rigid 
robust branching formation (Smith and Nelson, 1996), with parallel flattened, fan-like 
branches. Colonies can reach heights of 80-130 mm and have been found over a depth 
range of 75-95 m on the Otago continental shelf (Batson, 2000). 
Hornera robusta did not have the same degree of epifaunal fouling as Cinctipora elegans, 
but could occasionally be covered by sponges that were encroaching from nearby 
Cinctipora elegans colonies. Hornera robusta colonies had an apricot colouring, which 
aided identification in this study (Fig. 5.2). 
Hornera foliacea MacGillivray 
(Class: Stenolaemata, Order: Cyclostomata, Family: Horneridae) 
The other hornerid species was Hornera foliacea, an erect-rigid, fenestrate species that is 
cream or apricot coloured when alive (MacGillivray, 1869; Batson, 2000). This species 
has been found on the continental shelves of Australia and New Zealand, and as far 
south as Stewart Island (Batson, 2000). Those present on the Otago shelf are generally 
less than 75 mm laterally but may extend to 125 mm laterally and 110 mm in height 
(Batson, 2000). Batson (2000) found Hornera foliacea colonies from depths of 65-100 m on 
the Otago shelf, with large colonies (>50 mm) primarily occurring at 70-90 m depths. 
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Figure 5.1 Example of pink Cinctipora elegans colonies (one colony has been outlined for clarity). 
Sponge, other organisms and faunal debris have covered some parts of the Cinctipora elegans colonies. 
(Photograph C70 09/25) 
Figure 5.2 Example of a Romera robusta colony, showing the apricot colouring when compared to the 
pink Cinctipora elegans. (Photograph C80 13/29) 
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Hornera foliacea colonies observed during this study often required close inspection, 
particularly of the branching pattern and colouring, to differentiate them from colonies 
of Hippomenella vellicata. Reference to preserved specimens ensured that Hornera foliacea 
was correctly identified from photographic samples (Fig. 5.3). Hornera foliacea was 
rarely fouled by epifauna. 
Adeonellopsis spp. MacGillivray 
(Class: Gymnolaemata, Order: Cheilostomata, Family: Adeonidae) 
The genus Adeonellopsis belongs to the cheilostome order of bryozoans, with at least two 
species possibly occurring on the Otago shelf (Batson, 2000). Gordon (1986) described 
Adeonellopsis yarraensis as occurring on the continental shelf off Otago Peninsula, while 
Junge (1998) described Adeonellopsis pentapora from the same setting. Batson (2000) 
suggested that Adeonellopsis spp. fragments often fell into two categories based on blade 
width (i.e., measurements of the bi-convex axis): those with a 2.5-3 mm blade width 
may be Adeonellopsis pentapora, while those with blades around 1.5 mm wide are 
possibly Adeonellopsis yarraensis. Adeonellopsis spp. colonies have been described as 
erect rigid, robust branching, bilamellar, foliaceous (Gordon, 1984) and is a form that 
fragments easily during dredge sampling (Batson, 2000). Branches are Y-shaped and 
easily recognisable in photographic samples (Fig. 5.4). Adeonellopsis spp. has a broad 
geographical distribution (Lidgard and Buckley, 1994) and Adeonellopsis yarraensis is 
thought to be reasonably widespread around New Zealand (Nelson and Gordon, 1997), 
including Fiordland, Three Kings Islands and the Otago shelf (Gordon, 1989). 
Fragments of Adeonellopsis spp. have been commonly found at 80-120 m depths on the 
Otago continental shelf (Batson, 2000). 
Adeonellopsis spp. was the only bryozoan that occurred at all stations sampled during 
this investigation, but was rarely observed as intact colonies and, therefore, typically 
present as fragmented branches (Fig. 5.4). Adeonellopsis spp. colonies and fragments 
were rarely fouled by conspicuous epifauna. 
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Figure 5.3 Example of a Hornera foliacea colony, surrounded by black brittlestars identified as either 
Ophiocoma bollonsi or Ophiopteris antipodum. (Photograph C90 21/25) 
Figure 5.4 Example of Adeonellopsis spp. colonies and fragments. The central colony is entwined with 
Cinctipora elegans. (Photograph E80I 06/15) 
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Cellaria immersa (Tenison Woods) 
(Class: Gymnolaemata, Order: Cheilostomata, Family: Cellariidae) 
Cellaria is a cheilostome bryozoan genus that is described as erect flexible due to the 
presence of uncalcified internodes (A. M. Smith pers. comm.). Batson (2000) found 
bushy colonies of Cellaria immersa reaching up to 80 mm in height on the continental 
shelf off Otago Peninsula. Cellaria immersa was included as a frame-building bryozoan 
in this study as it has been described amongst thickets of intergrown bryozoans in the 
English Channel (McKinney and Jacklin, 2001) and was observed to be entwined with 
other frame-building bryozoan species on the Otago shelf (e.g., with Cinctipora elegans, 
see Fig. 5.5) and, therefore, may have a similar habitat-providing function. The thin 
white branches were distinctive when identifying Cellaria immersa from photographic 
samples (Fig. 5.5). 
Celleporaria agglutinans (Hutton) 
(Class: Gymnolaemata, Order: Cheilostomata, Family: Celleporariidae) 
Celleporaria agglutinans is a cheilostome bryozoan that forms multilaminar, encrusting or 
erect, and foliose or massive colonies (Gordon, 1989; Batson, 2000). The large colonies 
produced by this species are amorphous in shape with a rough surface, and typically 
have large chimney-like structures (Batson, 2000). Sediment and organic fragments are 
often incorporated into the colony structure and the base may also be heavily encrusted 
(Batson, 2000). This species has been found throughout New Zealand, including Poor 
Knights Island, Hauraki Gulf, Cook Strait, Marlborough Sounds, Tasman Bay, 
Kahurangi Shoals, Chatham Rise, Dusky Sound and Stewart island, and occurs at 
depths of 20-200 m (Gordon, 1989). On the Otago shelf, Celleporaria agglutinans 
commonly occurs at 70-100 m depths and has also be recorded from deeper regions 
(Batson, 2000). 
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Figure 5.5 Example of a Cellaria immersa colony, entwined with Cinctipora elegans. The orange 
brittlestar Ophiopsammus maculata is situated on the Cellaria immersa and Cinctipora elegans colonies. 
(Photograph C80 08/29) 
Figure 5.6 Example of a Celleporaria agglutinans colony. This species was always very heavily fouled 
with epifauna. (Photograph B80II 12/25) 
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In this study, Celleporaria agglutinans was very irregularly distributed and was seldom 
present in photographic samples. When present, however, Celleporaria agglutinans 
colonies were relatively large, compared to other frame-building bryozoan colonies. 
Celleporaria agglutinans has been described as bright orange (Batson, 2000), but appears 
pink in the photographic samples (Fig. 5.6). Epifaunal fouling was extensive on this 
species and generally included large sponges, anemones and other bryozoans (Fig. 5.6). 
Celleporina grandis Gordon 
(Class: Gymnolaemata, Order: Cheilostomata, Family: Celleporidae) 
Celleporina grandis is another cheilostome bryozoan and is endemic to New Zealand. 
This species is widespread around the country, at localities including Three Kings 
Island, Tasman Bay, Westland, Fiordland coast, Pegasus Bay, Otago shelf and Foveaux 
Strait (Gordon, 1989) and occurs at depths of 17-120 m. Celleporina grandis colonies have 
an erect rigid, massive form (Smith and Nelson, 1996), with branches radiating upwards 
and outwards. Colonies are reported to be >85 mm in height (Batson, 2000), with 
branches up to 13 mm in diameter (Gordon, 1989). Celleporina grandis is known to be 
frequently encrusted by a range of taxa, including Hornera robusta and Adeonellopsis spp. 
(Batson, 2000). 
Celleporina grandis was rarely present and was often difficult to detect in photographic 
samples as, at first sight, colonies were similar in appearance to sponges (i.e., a lumpy 
mound emerging from the sediment) (Fig. 5.7). Many colonies had a green colouration 
similar to that of the sediment; others were cream in colour. 
Hippomenella vellicata (Hutton) 
(Class: Gymnolaemata, Order: Cheilostomata, Family: Schizoporellidae) 
Hippomenella vellicata produces encrusting or erect foliose colonies that are roughly 
spherical (Batson, 2000). Individual colonies may switch between erect and self-
encrusting growth patterns, with the growing edge of a colony, therefore, able to 
encrust an older, possibly redundant, section of the colony (Batson, 2000). Hippomenella 
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vellicata was described as common on the Otago shelf by Junge (1998). Batson (2000), 
however, found Hippomenella vellicata colonies to be relatively rare at the scale of dredge 
sampling used. 
In this study, Hippomenella vellicata colonies were typically large and cream in colour 
(Fig. 5.8). As the zoarial growth form of Hippomenella vellicata is similar to that of 
Hornera foliacea, differentiation between the two species was occasionally difficult. 
Hippomenella vellicata lacks the fenestrae of Hornera foliacea, which is usually a good 
diagnostic character, however this was difficult to see at the resolution of the 
photographs. Hippomenella vellicata was usually larger and lighter in colour than 
Hornera foliacea. 
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Figure 5.7 Example of Celleporina grandis colonies. (Photograph D80III 02/19) 
Figure 5.8 Example of a Hippomenella vellicata colony. This species has a similar growth form to 
Hornerafoliacea (see Fig. 5.3), but was typically larger and had a lighter cream colouring. (Photograph 
A lOOII 02/24) 
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5.3 Frame-Building Bryozoan Abundance and Distribution 
Percent cover data for the eight frame-building bryozoan species were transformed to 
achieve normality and statistically analysed to determine bryozoan abundance and 
patterns of distribution throughout the study area. See Appendix Five for normality 
plots for each data set. 
A summary of overall frame-building bryozoan abundance for the study area is 
presented in Table 5.1. Total frame-building bryozoan coverage for each sampling 
station in presented in Table 5.2 and a contour plot illustrates the fine-scale distribution 
of all frame-building bryozoans in Figure 5.9. Frame-building bryozoans covered an 
average area of 4.01 % and as much as 56.4% (Table 5.1). Bryozoan cover peaked at 
depths of 80 m and 90 min the region directly between Cape Saunders and Saunders 
Canyon (Fig. 5.9), with bryozoan colonies covering an average of 19.0% in this region 
(Table 5.2). Maximum frame-building bryozoan coverage (56.4%) occurred at 80 min 
the northern extremity (transect A) of the research area. Erect bryozoans were absent at 
60 m and minimal at 110 m depths along transect C. Bryozoan cover at 70 m on the 
northernmost transect A and at 90-100 m depths on the southernmost transect E was 
also minimal. 
Table 5.1 Overall mean, 95% confidence interval for the mean, and maximum percent cover for frame-
building Bryozoa of the Otago mid-shelf (not including stations at 60 m and 110 m as these depths were 









































Table 5.2 Mean, 95% confidence interval for the mean, and maximum percent cover of Total Frame-
building Bryozoa for each sample station. 
Transect Depth (m) 
Mean 95% Confidence Maximum 
n 






70 18 0.09 -0.24, 0.56 0.37 
80 20 9.95 6.75, 14.46 56.37 
90 20 2.81 1.69, 4.38 35.56 
100 28 2.23 1.41, 3.32 27.66 
70 30 10.38 7.58, 14.08 51.24 
80 29 8.46 6.10, 11.60 36.46 
90 28 0.72 0.28, 1.30 6.89 
100 23 1.68 0.94, 2.69 5.67 
60 8 0.00 - 0.00 
70 25 4.05 2.70, 5.87 54.21 
80 28 19.04 13.97, 25.83 44.66 
90 24 19.00 13.59, 26.41 52.91 
100 22 2.59 1.58, 3.99 12.40 
110 18 0.31 - 1.97 
70 27 12.63 9.13, 17.35 40.85 
80 25 7.90 5.53, 11.12 29.62 
90 20 1.13 0.51, 2.01 6.39 
100 21 1.27 0.62, 2.17 2.68 
70 25 0.28 -0.06, 0.74 1.46 
80 39 11.43 8.71, 14.92 30.48 
90 14 0.04 -0.31, 0.57 0.20 
100 13 0.002 -0.35, 0.54 0.02 
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Figure 5.9 Contour plot of total frame-building bryozoan percent cover throughout the study area (right 
plot). Co-ordinates are given for each corner of the plot and the red dots are the positions of sampling 
stations (left plot). Scales are percentage cover(%). 
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A summary of bryozoan coverage for each frame-building bryozoan species is present 
in Table 5.3, with distribution patterns of individual species depicted as a contour plot 
in Figure 5.10. 
Cinctipora elegans was the most abundant frame-building bryozoan throughout the 
Otago mid-shelf, covering on average 2.9% of the seafloor and up to 56.4% (Table 5.1, 
5.3). Cinctipora elegans abundance peaked at 80-90 m depths in the region between Cape 
Saunders and Saunders Canyon (Fig. 5.10a). This species was absent from samples 
taken at 60 m depths along transect C and from 90-100 m depths along transect E, while 
stations A70, C110, D90 and D100 had minimal Cinctipora elegans cover. 
Hornera robusta was the second most commonly occurring frame-building bryozoan 
throughout the Otago mid-shelf, with a mean cover only slightly higher than that of 
Adeonellopsis spp., the third most abundant bryozoan species (Table 5.1, 5.3). The 
distribution of Hornera robusta was similar to that of Cinctipora elegans (Fig. 5.10b), while 
Adeonellopsis spp. was most abundant at deeper isobaths in the southern region of the 
research area (Fig 5.10c). 
Celleporaria agglutinans, Hornera foliacea and Celleporina grandis were similarly abundant, 
covering an average of 0.05-0.06% of the seafloor (Table 5.1, 5.3). Hornera foliacea had a 
very irregular distribution throughout the area and was absent from many sampling 
stations (Fig. 5.10e). Celleporaria agglutinans abundance peaked at 80-100 m depths 
between Cape Saunders and Saunders Canyon, with cover decreasing from this area 
(Fig 5.10d). Celleporina grandis was distributed over two main areas and was most 
abundant at shallower stations in the south (stations D70 and D80) and deeper stations 
in the northern region of the research area (stations A90, AlOO and BlOO) (Fig. 5.10£). 
Hippomenella vellicata was also distributed over two main areas and was most abundant 
at the mid-depth contours in the south (D80 and E80) and deeper isobaths in the north 
(A90 and AlOO) (Fig. 5.10g). Cellaria immersa was most abundant in the region of station 
BlOO and had a shallower distribution in the south (Fig. 5.10h). Hippomenella vellicata 
and Cellaria immersa were the least abundant of the frame-building bryozoans present 
on the Otago shelf (Table 5.1, 5.3). 
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Table 5.3 Mean, 95% confidence interval for the mean, and maximum percent cover of each frame-building bryozoan species for each sample station. 
Cinctipora elegans Hornera robusta Adeonellopsis spp. Celleporaria agglutinans 
Mean 95% Confidence Maximum Mean 95% Confidence Maximum Mean 
95% 
Maximum Mean 95% Confidence Maximum 
Transect Depth (m) n (%) Interval (%) (%) Interval (%) (%) Confidence (%) (%) Interval (%) 
Interval 
A 70 18 0.01 -0.30, 0.45 0.20 0.00 - 0.00 0.08 -0.04, 0.21 0.37 0.00 - 0.00 
80 20 9.23 6.24, 13.45 56.33 '0.36 0.17, 0.58 2.14 0.07 -0.04, 0.20 0.25 0.00 - 0.00 
90 20 2.28 1.32, 3.63 33.28 0.18 0.01, 0.37 1.96 0.04 -0.07, 0.17 0.16 0.07 -0.03, 0.19 3.17 
100 28 1.07 0.55, 1.78 24.80 0.30 0.14, 0.47 6.04 0.31 0.20, 0.44 1.62 0.02 -0.07, 0.11 0.28 
B 70 30 8.64 6.44, 12.08 49.70 1.04 0.80, 1.31 4.62 0.27 0.16, 0.40 4.19 0.06 -0.03, 0.15 2.31 
80 29 7.18 5.14, 9.89 36.15 0.40 0.55, 0.99 2.41 0.05 -0.05, 0.15 0.41 0.17 0.08, 0.27 3.76 
90 28 0.35 0.01, 0.81 6.22 0.01 -0.11, 0.15 0.11 0.29 0.17, 0.41 2.07 0.00 - 0.00 
100 23 0.81 0.31, 1.50 4.00 0.05 -0.09, 0.21 0.43 0.55 0.40, 0.72 3.63 0.00 - 0.00 
C 60 8 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 
70 25 3.78 2.51, 5.50 54.21 0.00 - 0.00 0.08 -0.02, 0.19 0.36 0.07 -0.03, 0.17 3.84 
80 28 17.07 12.50, 23.20 44.59 0.93 0.70, 1.19 5.28 0.02 -0.07, 0.12 0.30 0.22 0.12, 0.33 6.21 
90 24 16.84 12.01, 23.45 49.59 1.44 1.13, 1.80 5.38 0.02 -0.08, 0.13 0.16 0.00 - 0.00 
100 22 0.18 -0.15, 0.64 2.80 0.00 - 0.00 1.93 1.64, 2.26 9.82 0.38 0.25, 0.52 1.89 
110 18 0.06 - 1.19 0.03 - 0.23 0.13 - 0.66 0.09 - 0.78 
D 70 27 11.18 8.05, 15.40 37.63 0.65 0.45, 0.88 2.39 0.05 -0.05, 0.16 0.27 0.08 -0.01, 0.17 1.47 
80 25 6.22 4.30, 8.84 29.11 0.68 0.46, 0.92 6.25 0.18 0.06, 0.30 0.76 0.05 -0.04, 0.15 1.67 
90 20 0.04 -0.26, 0.47 0.70 0.06 -0.09, 0.24 0.39 0.99 0.78, 1.22 6.39 0.00 - 0.00 
100 21 0.01 -0.28, 0.41 0.21 0.01 -0.13, 0.17 0.15 1.21 0.99, 1.47 2.48 0.00 - 0.00 
E 70 25 0.11 -0.18, 0.52 1.17 0.08 -0.05, 0.24 0.39 0.04 -0.06, 0.15 0.19 0.00 - 0.00 
80 39 9.45 7.16, 12.30 28.86 0.42 0.27, 0.58 . 2.41 0.80 0.66, 0.95 3.27 0.03 -0.04, 0.11 1.85 
90 14 0.00 - 0.00 0.00 - 0.00 0.04 -0.09, 0.19 0.20 0.00 - 0.00 
100 13 0.00 - 0.00 0.00 - 0.00 0.002 -0.13, 0.15 0.02 0.00 - 0.00 
Hornera foliacea Celleporir,.a grandis Hippomenella vellicata Cellaria immersa 
Mean 95% Confidence Maximum Mean 95% Confidence Maximum Mean 
95% 
Maximum Mean 95% Confidence Maximum 
Transect Depth (m) n (%) Interval (%) (%) Interval (%) (%) 
Confidence (%) (%) Interval (%) 
Interval 
A 70 18 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 
80 20 0.06 -0.04, 0.18 0.82 0.08 O.Ql, 0.16 0.79 0.00 - 0.00 0.04 -0.01, 0.08 1.03 
90 20 0.16 0.05, 0.28 2.81 0.02 -0.05, 0.09 0.27 0.09 0.003, 0.18 1.73 0.04 -0.01, 0.08 0.87 
100 28 0.15 0.05, 0.25 3.26 0.25 0.18, 0.32 1.44 0.20 0.12, 0.29 8.14 0.04 -0.0001, 0.08 0.63 
B 70 30 0.25 0.15, 0.35 3.10 0.02 -0.03, 0.08 0.36 0.00 - 0.00 0.01 -0.03, 0.05 0.30 
80 29 0.00 - 0.00 0.02 -0.04, 0.08 0.35 0.02 -0.04, 0.09 0.92 0.02 -0.02, 0.05 0.55 
90 28 0.00 - 0.00 0.03 -0.03, 0.09 0.46 0.00 - 0.00 0.02 -0.02, 0.06 0.28 
100 23 0.00 - 0.00 0.14 0.07, 0.22 1.92 0.00 - 0.00 0.08 0.04, 0.13 0.96 
C 60 8 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 
70 25 0.00 - 0.00 0.02 -0.04, 0.08 0.45 0.00 - 0.00 0.00 - 0.00 
80 28 0.07 -0.02, 0.16 0.90 0.01 -0.05, 0.07 0.24 0.00 - 0.00 0.05 0.01, 0.09 3.00 
90 24 0.12 0.02, 0.22 4.82 0.01 -0.05, 0.07 0.24 0.00 - 0.00 0.00 - 0.00 
100 22 0.00 - 0.00 0.04 -0.03, 0.11 1.16 0.00 - 0.00 0.00 - 0.00 
110 18 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 0.00 - 0.09 
D 70 27 0.13 0.04, 0.24 1.80 0.09 0.03, 0.16 0.92 0.02 -0.05, 0.09 0.52 0.04 -0.0004, 0.08 0.52 
80 25 0.12 0.02, 0.22 3.48 0.20 0.13, 0.27 3.25 0.09 0.01, 0.17 1.86 0.04 0.0004, 0.08 0.55 
90 20 0.00 - 0.00 0.05 -0.02, 0.12 0.62 0.00 - 0.00 0.01 -0.04, 0.05 0.11 
100 21 0.00 - 0.00 0.02 -0.05, 0.08 0.20 0.00 - 0.00 0.01 -0.03, 0..06 0.24 
E 70 25 0.00 - 0.00 0.02 -0.04, 0.09 0.26 0.00 - 0.00 0.02 -0.02, 0.06 0.22 
80 39 0.09 .0.02, 0.17 2.28 0.01 -0.03, 0.07 0.38 0.08 0.02, 0.15 3.83 0.01 -0.02, 0.04 0.22 
90 14 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 
100 13 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 
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Figure 5 .10 Contour plots of percent coverage for each frame-building bryozoan species. Co-ordinates 
are given for each comer of the plot and red dots are the positions of sampling stations. Scales are 
percentage cover(%). 
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5.4 Environmental Influences on Frame-Building Bryozoa 
Two environmental factors, depth and transect, were investigated as possible influences 
on frame-building bryozoan distribution. Depth is simply the depth of the water 
column at which the sampling station was positioned. Transect represents the positions 
of sampling stations along the north to south gradient of the shelf, i.e., transect A was 
the position of the northernmost stations while the southernmost stations were 
positioned along transect E. These factors may also be representative of changes in 
other environmental conditions such as the hydraulic regime of the region ( e.g., transect 
C may have a higher energy regime due to the narrowing of the shelf between Cape 
Saunders and Saunders Canyon), distance from the coast ( e.g., transect E is further from 
the Otago coastline than transect C resulting in, for instance, differing sediment inputs) 
or sedimentological characteristics. Relationships between these environmental 
variables and the distribution of frame-building bryozoans were examined by 
conducting a two-way analysis of variance (ANOVA) for depth, transect and the 
interaction of the two factors depth*transect. If ANOV A results were significant, a 
further regression analysis was conducted to examine the differences between bryozoan 
coverage at central transect C and the other four transects, using dummy variables for 
transects A, B, D and E. Significant results of both procedures were assessed in 
conjunction with an interaction plot and Tukey' s multiple comparison tests. ANOV A, 
GLM and Tukey' s test tables and interaction plots for total bryozoan coverage and the 
three most abundant species are included in this chapter to provide comprehensive 
summaries of the variation in frame-building bryozoan distribution, with additional 
tables for all of the species presented in Appendix Five. 
General patterns were determined from combined frame-building species data. Both 
factors and the interaction term of the ANOVA were significant for Total Frame-
building Bryozoa (Table 5.4). The large F-value (F = 117.44, P-value <0.001) for depth 
suggests that this factor was the greatest source of variation for frame-building 
bryozoan distribution. Regression analysis (Table 5.5) indicated that frame-building 
bryozoan cover changed increasingly from transect C to the outer limits of the study 
area, with the greatest change in cover occurring over the region between transects C 
and E. Much of the variation in bryozoan coverage between transects B and D 
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corresponded to changes in both depth and transect (i.e., a significant interaction term 
depth*transect). These analyses (Tables 5.4-5.5 and Fig. 5.11) reiterate the patterns of 
distribution described in the previous section. That is, the core of frame-building 
bryozoan cover occurred at 80 m in the narrowest region of the shelf between Cape 
Saunders and Saunders Canyon. 
The Tukey's multiple comparison tests (Table 5.6) revealed that frame-building 
bryozoan cover was most similar at sampling stations positioned at depths of 70-80 m, 
while stations positioned at 90-100 m were also found to have comparable bryozoan 
coverage. The greatest differences occurred from comparisons between stations from 
transects C and E, and transects A and E. 
Table 5.4 Analysis of variance for Log1o(Total Frame-building Bryozoa) using Adjusted SS for tests 
with factors of depth, transect and the interaction term depth*transect as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 32.37 34.46 11.49 98.28 <0.001 
Transect 4 16.92 19.87 4.97 42.51 <0.001 
Depth*Transect 12 34.95 34.95 2.91 24.92 <0.001 
Error 459 53.65 53.65 0.12 
Total 478 137.90 
s = 0.341897 r2 = 61.09% 
Table 5.5 Regression analysis for Log10(Total Frame-building Bryozoa) using Adjusted SS for tests with 
factors of depth, dummy variables (DV) for transect (DV(A), DV(B) DV(D), DV(E)), and the interaction 
terms depth*DV(A), depth*DV(B), depth*DV(D), depth*DV(E) as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 32.37 13.83 4.61 39.45 <0.001 
DV(A) 1 0.99 8.12 8.12 69.48 <0.001 
DV(B) 1 0.03 4.39 4.39 37.52 <0.001 
DV(D) 1 0.05 3.54 3.54 30.31 <0.001 
DV(E) 1 15.85 18.52 18.52 158.46 <0.001 
Depth*DV(A) 3 8.35 3.63 1.21 10.34 <0.001 
Depth*DV(B) 3 6.92 13.72 4.57 39.13 <0.001 
Depth*DV(D) 3 13.03 11.90 3.97 33.94 <0.001 
Depth*DV(E) 3 6.65 6.65 2.22 18.97 <0.001 
Error 459 53.65 53.65 0.12 
Total 478 137.90 
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Figure 5.11 Interaction plot for changes in Total Frame-building Bryozoa cover over depth and transect. 
90 
Table 5.6 Tukey's multiple comparison tests for differences in Total Frame-building Bryozoan cover between sampling stations. The upper figure is the upper 
confidence limit and the lower figure is the lower confidence limit. Significant comparisons (stations not significantly different) are shaded. 
Station A70 ABO A90 AlOO B70 BBO B90 BlOO C70 CBO C90 ClOO 070 080 090 0100 E70 EBO E90 
ABO 1.397 
0.610 
A90 0.938 -0.076 
0.151 -0.842 
AlOO 0.839 -0.176 0.283 
0.107 -0.885 -0.426 
B70 1.381 0.366 0.825 0.865 
0.659 -0.333 0.126 0.229 
BSD 1.303 0.289 0.747 0.788 0.236 
0.576 -0.~1:15 0.043 0.146 -0.395 
B90 
1~566 
-0.449 0.010 0.051 -0.502 -0.419 
166 -1.158 -0.700 ·0.597 -1.138 -1.061 
BlOO 0.773 -0.241 0.217 0.260 -0.293 -0.210 0.533 
0.010 -0.982 ·0.523 ·0.422 -0.964 -0.887 -0.149 
C70 1.041 0.027 0.486 0.527 -0.025 0.058 0.801 0.625 
0.292 -0.700 -0.241 -0.139 -0.681 -0.604 0.134 -0.075 
CBO 1.632 0.617 1.076 1.117 0.564 0.647 1.390 1.215 0.932 
0.900 -0.092 0.367 0.469 -0.072 0.005 0.743 0.534 0.266 
C90 1.643 29 1.087 1.129 0.577 0.659 1.402 1.227 0.944 0.336 
0.887 05 0.354 0.455 -0.086 -0.009 0.728 0.520 0.252 -0.338 
ClOO 0.904 -0.110 0.348 m-0.161 -0.079 ~' Jl.6&i ,;' 'Tu(l;488 · 0.206 -0.402 -0.389 
0.134 -0.859 -0.400 1" -0.841 -0.764 1' •0.02b " ·0.234 -0.502 -1.092 -1.104 
070 1.467 0.453 0.911 0.952 . (:l.400 0.483 1.226 1.051 0.768 0.159 0.173 0.928 
0.730 -0.262 0.197 0.299 -0.243 -0.165 0.572 0.363 0.095 -0.494 -0.506 0.232 
080 1.288 0.273 0.732 0.774 0.222 0.304 1.047 0.872 0.589 -0.019 -0.006 0.749 0.151 
0.539 -0.453 0.005 0.107 -0.435 -0.357 0.380 0.172 -0.096 -0.686 -0.698 0.040 -0.521 
090 C''.0}685 -0.328 0.130 0.174'"' -0.378 -0.296 0.447 &0.271 -0.012 -0.619 -0.606 0.147 -0.449 -0.258 
.,_, .102 -1.094 -0.636 -0.536 -1.077 -1.000 -0.262 -11470 -0.738 -1.329 -1.340 -0.601 -1.164 -0.985 
0100 .:7'0$ -0.306 0.153 0.196 -0.356 -0.274 0.469 0,293 0.011 -0.597 -0.584 0.170 -0.427 -0.236 1,,~0.406 
I) -1.062 -0;60,;i; -0.503 -1.045 -0.968 -0.230 - ·-~ -0.706 -1.296 -1.308 -0.569 -1.132 -0.953 -.0.351 
E70 -0.569 -0.111 -0.069 -0.621 -0.539 0.204 0.029 ' -0.254 -0.862 -0.848 -0.094 -0.692 -0.500 0.142 0.110 
-1.296 -0.837 -0.736 -1.277 -1.200 "'-0.462 -0.671 -0.939 -1.529 -1.541 -0.802 -1.364 -1.185 --0.585 -0.607 
EBO 1.404 0.388 0.847 0.886 0.333 0.416 1.159 0.985 0.702 0.093 0.108 0.863 0.263 0.456 1.100 1.067 1.298 
0.713 -0.278 0.181 0.286 -0.255 -0.178 0.559 0.349 0.081 -0.507 -0.521 0.217 -0.343 -0.165 0.433 0.411 0.678 
E90 0.413 -0.600 -0.142 -0.095 -0.647 -0.565 0.178 0.000 -0.282 -0.888 -0.877 -0.124 -0.719 -0.528 0.111 0.080 0.315 -0.700 
-0.451 -1.444 -0.986 -0.888 -1.431 -1.353 -0.615 -0.821 -1.090 -1.681 -1.691 -0.952 -1.516 -1.337 -0.733 -0.756 -0.494 -1.455 
ElOO 0.405 -0.607 -0.149 -0.102 -0.653 -0.571 0.171 -0.007 -0.288 -0.895 -0.883 -0.131 -0.725 -0.535 0.104 0.073 0.308 -0.706 0.450 
-0.476 -1.470 -1.012 -0.915 -1.457 -1.380 -0.642 -0.847 -1.116 -1.708 -1.718 -0.978 -1.543 -1.363 -0.759 -0.782 -0.520 -1.482 -0.483 
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Of the individual species, Cinctipora elegans closely followed the patterns of Total 
Frame-building Bryozoa (Tables 5.7-5.8, Fig. 5.12). Depth had the strongest association 
with changes in Cinctipora elegans distribution, although transect and the interaction of 
depth*transect were also significant sources of variation in the distribution of this species 
(Table 5.7). Cinctipora elegans cover changed significantly to the north and south when 
compared to cover at the centre of the region, and the greatest difference in Cinctipora 
elegans cover occurred between transects C and E (Table 5.8). The interaction of 
depth*transect was most influential on Cinctipora elegans coverage between transects B 
and D (Table 5.8). The results of the Tukey's multiple comparison tests for Cinctipora 
elegans (Table 5.9) reflected the results described for Total Frame-building Bryozoan 
coverage (Table 5.6). 
Depth was . the greatest source of variation in abundance for Romera robusta and 
Adeonellopsis spp. (Tables 5.10, 5.13). Transect and the interaction term were also 
significant for Hornera robusta and Adeonellopsis spp. Further regression analysis 
showed that Hornera robusta had a similar distribution pattern to that of Cinctipora 
elegans (Table 5.11, Fig. 5.13). Tukey' s tests showed that sampling stations AlOO and 
D80 had significantly different Hornera robusta coverage from all other sampling 
stations (Table 5.12). The interaction plot illustrated the very patchy distribution of 
Adeonellopsis spp. with Adeonellopsis spp. abundance changing significantly between 
transects and over the depth range (Table 5.14, Fig. 14). Tukey's tests identified BlOO, 
ClOO, D90, D100 and EBO as the stations that differed significantly in Adeonellopsis spp. 
coverage from most other sampling sites (Table 5.15). 
Transect was the only significant factor associated with the di~tribution of Celleporaria 
agglutinans throughout the research area (Table A.3) and regression analysis for 
Celleporaria agglutinans displayed a similar distribution pattern to that of Cinctipora 
elegans and Hornera robusta (Table A.4). The interaction plot illustrated that Celleporaria 
agglutinans primarily occurred in two main areas, with a large peak in abundance over 
the 80-100 m bathymetric range between transects B and D and a smaller contribution at 
90 m along transect A (Fig. A.40). Tukey' s tests showed ClOO to be significantly 
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different from most other stations, as ClOO had much higher Celleporaria agglutinans 
abundance (Table A.5). 
The interaction of depth*transect was the only significant source of variation for Hornera 
foliacea (Tables A.6-7, Fig. A.41) and the most significant variable for Celleporina grandis 
distribution (Tables A.9-10, Fig. A.42). Tukey's tests showed that the significant 
differences in Hornera foliacea coverage occurred between station B70 versus stations B80 
and B90 (Table A.8). Tukey's test identified stations AlOO and D80 to have significantly 
different Celleporina grandis coverage from most other sampling stations (Table A.11 ). 
l'Jeither depth, transect, nor the interaction term were significant sources of variation for 
the distributions of Hippomenella vellicata or Cellaria immersa (Tables A.12 and A.13 
respectively). 
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Table 5.7 Analysis of variance for Log10(Cinctipora elegans) using Adjusted SS for tests, with factors of 
depth, transect and the interaction term depth *transect as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 49.00 23.87 7.96 117.44 <0.001 
Transect 4 12.86 5.09 1.27 18.79 <0.001 
Depth *Transect 12 41.36 13.80 1.15 16.98 <0.001 
Error 459 53.79 31.10 0.07 
Total 478 157.01 
s = 0.342342 r2 = 65.74% 
Table 5.8 Regression analysis for Log10(Cinctipora elegans) using Adjusted SS for tests, with factors of 
depth, dummy variables (DV) for transect (DV(A), DV(B) DV(D), DV(E)), and the interaction terms 
depth*DV(A), depth*DV(B), depth*DV(D), depth*DV(E) as sources of variation. 
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Figure 5 .12 Interaction plots for changes in Cinctipora elegans coverage over depth and transect. 
94 
Table 5.9 Tukey's multiple comparison tests for differences in Cinctipora elegans cover between sampling stations. The upper figure is the upper confidence limit 
and the lower figure is the lower confidence limit. Significant comparisons (stations not significantly different) stations are shaded. 
Station A70 ABO A90 AlOO B70 B80 B90 B100 C70 C80 C90 ClOO D70 D80 D90 D100 E70 E80 E90 
ABO 1.399 
0.611 
A90 0.906 -0.110 
0.118 -0.877 
AlOO 0.679 -0.338 0.156 
-0.054 -1.048 -0.555 
B70 1.341 0.376 -0.118 -0.349 
0.618 -0.324 -0.818 -0.986 
B80 1.272 0.255 -0.044 -0.275 0.245 
0.544 -0.450 -0.749 -0.917 -0.387 
B90 0.494 -0.523 -0.029 0:509 -0.534 -0.460 
-0.239 -1.233 -0.740 -0.139 -1.171 -1.102 
B100 0.635 -0.381 0.112 0.282 -0.390 -0.316 0.467 
-0.128 -1.123 -0.629 -0.400 -1.062 -0.994 -0.215 
C70 1.049 0.695 0.201 -0.028 0.023 0.565 -0.213 -0.070 
0.299 -0.033 -0.526 -0.696 -0.634 -0.097 -0.881 -0.771 
C80 1.619 0.602 -0.386 -0.616 0.592 0.666 -0.801 -0.658 0.912 
0.886 -0.108 -1.096 -1.265 -0.045 0.023 -1.450 -1 .341 0.245 
C90 1.625 0.609 1.102 -0.597 0.600 0.673 1.457 -0.843 0.919 0.332 
0.869 -0.126 0.368 -1.272 -0.065 0.004 0.782 -1.659 0.226 -0.343 
ClOO 0.452 -0.565 -0.071 0.100 -0.573 -0.499 0.285 0.175 -0.253 -0.841 -0.823 
-0.319 -1.314 -0.820 -0.592 -1.254 -1.185 -0.407 -0.549 -0.962 -1.532 -1.539 
D70 1.450 0.282 -0.212 -0.442 0.424 0.151 •.. -0.627 -0.484 0.744 0.499 0.506 -0.667 
0.712 -0.434 -0.927 -1.096 -0.220 -0.497 -1.281 -1.172 0.070 -0.156 -0.175 -1.363 
D80 1.229 0.213 0.021 -0.209 0.203 0.277 -0.394 -0.251 0.523 -0.065 0.739 -0.434 0.110 
0.480 -0.515 -0.707 -0.876 -0.453 -0.385 -1 .061 -0.951 -0.163 -0.732 0.046 -1.143 -0.563 
D90 0.408 -0.608 -0.115 0.654 -0.616 -0.542 0.242 0.611 -0.297 -0.884 -0.866 0.427 -0.710 -0.477 
-0.380 -1.375 -0.882 -0.057 -1 .316 -1 .247 -0.469 -0.131 -1.024 -1.594 -1.600 -0.322 -1.425 -1.205 
D100 0.389 -0.627 -0.133 0.037 -0.635 -0.561 0.222 0.112 -0.316 -0.903 -0.885 0.303 -0.729 -0.496 0.365 
~0.390 -1.385 -0.891 -0.663 -1.325 -1.256 -0.478 -0.620 -1.034 -1.603 -1 .610 -0.437 -1.435 -1.214 -0.393 
E70 1.327 0.833 -0.608 1.197 0.,113@ 0.211 -0.289 1.544 1.551 i['.;:°·~78 -0.702 1.155 ),0.$35' s: o.316 i •· 'i~ilt ';: .o.402 0.599 0.105 -1.265 0.535 -0.249 0.000 -0.975 0.876 0.858 i -0.331 -1.375 0.469 ;G-0.393 
ESQ 1.360 0.343 -0.169 -0.402 0.330 0.404 -0.587 -0.443 0.651 0.062 ·O.S:47 < -0.625 0.237 ,;.(),471 -0.668 -0.687 1.283 
'''" 0.669 -0.324 -0.837 -1.003 -0.259 -0.191 -1.188 -1.080 0.030 -0.538 -0.!)82 -1 .272 -0.370 -0.150 -1.335 -1.343 0.661 
E90 0.428 -0.587 -0.094 0.714 -0.591 -0.518 0.265 0.669 -0.274 -0.860 -0.843 0.485 -0.686 -0.454 0.405 0.422 0.358 -0.641 
-0.437 -1.432 -0.939 -0.080 -1 .376 -1 .307 -0;529 -0.153 -1.083 -1 .654 -1 .659 -0.344 -1.485 -1 .264 Ii -0.441 -0.415 -0.452 -1.397 
ElOO 0.437 -0.578 -0.084 0.090 -0.581 -0.508 0.275 0.163 -0.264 -0.850 -0.834 0.354 -0.676 -0.444 0.414 0.424 0.368 -0.631 0.467 
-0.446 -1.442 -0.948 -0.724 -1.386 -1.317 -0.539 -0.679 -1.093 -1 .664 -1.669 -0.495 -1.495 -1.273 -0.450 -0.432 -0.462 -1.407 -0.467 
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Table 5.10 Analysis of variance for Log10(Hornera robusta) using Adjusted SS for tests with factors of 
depth, transect and the interaction term depth *transect as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 1.43 1.50 0.50 22.36 <0.001 
Transect 4 0.74 0.74 0.18 8.24 <0.001 
Depth *Transect 12 4.59 4.59 0.38 17.12 <0.001 
Error 459 10.26 10.26 0.02 
Total 478 17.02 
s = 0.149522 r2 = 39.71 % 
Table 5.11 Regression analysis for Log10(Hornera robusta) using Adjusted SS for tests with factors of 
depth, dummy variables (DV) for transect (DV(A), D V(B), DV(D), D V(E)), and the interaction terms 
depth*DV(A), depth*DV(B), depth*DV(D), depth*DV(E) as sources of variation. 
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Figure 5 .1 3 Interaction plots for changes in Hornera robusta coverage over depth and transect. 
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Table 5 .12 Tukey's multiple comparison tests for differences in Hornera robusta cover between sampling stations. The upper figure is the upper confidence limit and 
the lower figure is the lower confidence limit. Significant comparisons (stations not significantly different) are shaded. 






B80 0.108 -0.027 
-0:173 -0.302 
B90 -0.165 0;000 
-0.444 -0.281 
BlOO -0.140 0.025 0.166 
-0.434 -0.271 -O.i'32 
C70 -0.166 0.290 0.151 
-0.453 0.001 -0.141 
C80 0.115 0.281 -0.139 -0.114 0.431 
-0.314 -0.163 0.000 -0.422 -0.412 0.140 
C90 -0.128 .. 0.224 0.389 0.531 -0.211 0.540 0.250 
· -0.066 0.097 0.236 -0.520 0.237 -0.045 
ClOO · 0.005 0.146 ,P :136 0.155 -0.135 -0.232 
~0.295 •0.156 -0.180 -0.155 -0.437 -0.545 
D70 · 0.070· -0.069 -0.044 0.364 · 0.211 0.320 -0.065 
-0.214 -0.355 -0.345 0.070 -0:074 0.023 -0.369 
D80 0:224 -0.074 -0.049 0.374 · 0.084 0.315 -0.069 • 0.154 
-0.065 -0.365 -0.355 0.074 ' -0.207 0.013 -0.379 -OJ40 
D90 0.185 -0.104 -0.201 · 0.137 -0.034 -0.039 
-0.414 -0.522 -0.190 · -0.357 
DlOO -0.128 -0.225 -0.063 
-0.434 -0.542 
E70 0.397 0.505 
0.105 0.202 
EBO -0.003 0.375 
-0.266 0.100 
E90 -0.112 -0.210 
-0.459 -0.566 -0.391 
ElOO -0.108 -0.206 -0.038 
-0.463 -0.571 -0.396 
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Table 5.13 Analysis of variance for Log10(Adeonellopsis spp.) using Adjusted SS for tests with factors of 
depth, transect and the interaction term depth *transect as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 2.29 2.04 0.68 55.68 <0.001 
Transect 4 0.80 0.95 0.24 19.46 <0.001 
Depth *Transect 12 4.63 4.63 0.39 31.65 <0.001 
Error 459 5.60 5.60 0.01 
Total 478 13.32 
s = 0.110445 r2 = 57.97% 
Table 5.14 Regression analysis for Log10(Adeonellopsis spp.) using Adjusted SS for tests with factors of 
depth, dummy variables (DV) for transect (DV(A), DV(B), DV(D), DV(E)), and the interaction terms 
depth*DV(A), depth*DV(B), depth*DV(D), depth*DV(E) as sources of variation. 
Source of variation df ss 
Depth 3 2.29 
DV(A) 1 0.57 
DV(B) 1 0.09 
DV(D) 1 0.13 
DV(E) 1 0.01 
Depth*DV(A) 3 0.19 
Depth*DV(B) 3 0.57 
Depth*DV(D) 3 1.09 
Depth*DV(E) 3 2.78 
Error 459 5.60 
Total 478 13.32 
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Figure 5.14 Interaction plots for changes in Adeonellopsis spp. coverage over depth and transect. 
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Table 5.15 Tukey's multiple comparison tests for differences in Adeonellopsis spp. cover between sampling stations. The upper figure is the upper confidence limit 
and the lower figure is the lower confidence limit. Significant comparisons (stations not significantly different) are shaded. 








BlOO 0.280 0.191 
-0.030 
C70 0.184 0.270 
--0.032 0.044 
CBO . 0.206 0.292 0;082 
-0.200 -0.115 -0.003 0.072 -0.133 
C90 0.011 0.098 0.008 0.296 0.087 0.109 
0.001 -0.204 -0.118 -0.210 0.067 -0.137 -0.108 
ClOO 0.460 0.472 0.559 0.469 0.394 0.548 0.571 0.574 
0.237 0.252 0.338 0.246 0.160 0.319 0.348 0.343 
D70 0.203 0.020 0.102 0.194 0.280 0.096 0.092 0.097 0.558 
-0.009 -0.188 -0.107 -0.017 0.058 -0.121 -0.119 -0.122 0.334 
DBO 0.071 0.158 0.147 0.233 0.148 0.170 0.050 0.511 0.158 
-0.141 ~©.055 -0.069 0.007 -0.074 -0.045 -0.174 0.282 -©;059 
D90 0.394 0.393 0.405 0.307 0.393 0.304 0.011 0.382 0.405 0.408 0.289 0.393 0.346 
0.140 0.146 0.157 0.081 0.166 0.075 ·0.228 0.148 0.176 0.172 0.048 0.162 0.111 
D100 0.439 0.438 0.449 0.438 0.348 0.273 0.427 0.450 0.453 -0.003 0.438 0.390 
0.122 0.037 0.196 0.224 0.219 
E70 0.199 0.285 0;098 O.£Q3 0.443 
-0.016 0.059 -0.1,21 0.211 
EBO -0.049 0.038 0.322 0.344 -0.145 0.196 0.338 
-0.243 •0.168 0.121 0.150 -0.348 -0.01;6 0.137 
E90 0.035 0.306 0.114 -0.145 0.463 0.130 -0.116 
c0.221 0.041 -0.147 -0.418 0.193 -0.132 ; -0.360 
ElOO 0.022 -0.054 0.101 -0.159 -0.206 0.116 -0.130 0.134 
-0.241 -0.326 -0.438 -0.483 -0.151 -0.380 -0.167 
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5.5 Associations Between Bryozoan Species 
Pearson's correlation coefficient (also called the Product-moment correlation coefficient) 
was used to investigate possible relationships between the distributions of frame-
building bryozoan species on the Otago mid-shelf (see Table 5.16 for correlation 
matrix). Significant relationships are illustrated as scatter plots (Fig. 5.15). Although 
this analysis does not confirm a direct relationship between species, significant 
correlations do highlight pairs of species that have comparable fluctuations in 
abundance and similar distribution patterns throughout the study area. 
Cinctipora elegans and Hornera robusta had the strongest relationship of the eight frame-
building bryozoan species, with a moderately positive correlation of r = 0.458, P-value 
<0.001 (Fig. 5.15a). Both Cinctipora elegans and Hornera robusta coverage was slightly 
negatively correlated with Adeonellopsis spp., indicating that the abundance of these 
species increased as Adeonellopsis spp. coverage decreased (Figs. 5.15b, d). Cinctipora 
elegans had a weak positive correlation with Hornera foliacea (Fig. 5.15c), while the two 
hornerid species had a weak to moderately correlated positive relationship (Fig. 5.15e). 
The distribution of Hornera foliacea also had a weak to moderate positive relationship 
with the distribution of Celleporina grandis (Fig. 5.15£), and a weak positive correlation 
with Hippomenella vellicata coverage (Fig. 5.15g). Hippomenella vellicata was very weakly 
correlated with that of Celleporina grandis (Fig. 5.15h). Distribution patterns of all other 
bryozoan species pairs were not significantly correlated (Table 5.16). 
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Table 5.16 Pearson's correlation matrix between frame-building bryozoan species. The upper value is r, and the lower number is the P-value. Significant correlations 
are shaded. 
Species ( n = 479) 
Cinctipora Homera Adeonellopsis Celleporaria Homera Celleporina Hippomenella 
elegans robusta spp. agglutinans foliacea grandis vellicata 
Homera robusta 0.458** 
.59-001 
Adeonellopsis spp. -0.142** -0.098* 
0.001 0.028 
Celleporaria agglutinans 0.040 -0.008 0.062 
0.373 0.850 0.161 
Homera foliacea 0.112* 0.237** -0.009 0.021 
0.012 <0.001 0.834 0.638 
Celleporina grandis -0.003 0.083 0.007 0.022 
0.938 0.063 0.868 0.625 <0.001 
Hippomenella vellicata 0.011 0.036 -0.030 0.050 0.111* 0.172** 
0.800 0.420 0.497 0.261 0.012 <0.001 
Cellaria immersa 0.032 -0.001 -0.024 -0.028 -0.030 0.059 -0.004 
0.467 0.987 0.589 0.532 0.507 0.187 0.920 
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Figure 5.15 Scatterplots illustrating the relationships between (a) Cinctipora elegans and Hornera robusta, 
and (b) Cinctipora elegans and Adeonellopsis spp., ( c) Cinctipora elegans and Hornera Joliacea, ( d) Hornera 
robusta and Adeonellopsis spp., (e) Hornera robusta and Hornerafoliacea, (f) Hornerafoliacea and Celleporina 
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Figure 5.15 continued. Scatterplots illustrating the relationships between (g) Hornera foliacea and 
Hippomenella vellicata, and (h) Celleporina grandis and Hippomenella vellicata. Both axes are relative cover 
values(%). 
5.6Summary 
Patterns of abundance and fine-scale distribution of eight frame-building bryozoan 
species were investigated: three cyclostomes, Cinctipora elegans, Hornera robusta and 
Hornera foliacea, and five cheilostomes, Adeonellopsis spp., Cellaria immersa, Celleporaria 
agglutinans, Celleporina grandis and Hippomenella vellicata. Cinctipora elegans, Hornera 
robusta and Adeonellopsis spp. were the most abundant frame-building bryozoans 
throughout the study area. Frame-building bryozoans covered an average area of 4.0% 
and up to 56.4%, with bryozoan cover peaking at depths of 80 m and 90 min the region 
directly between Cape Saunders and Saunders Canyon. ANOV A showed that factors 
of depth and transect and the interaction of depth*transect were significant influences on 
the distribution of frame-building bryozoans, with depth determined as the greatest 
source of variation for these bryozoans. Depth had the strongest association with 
changes in distribution of Cinctipora elegans, Hornera robusta and Adeonellopsis spp., 
while transect had the strongest association with changes in the distribution of 
Celleporaria agglutinans. The interaction term depth*transect was the most significant 
influence on Hornera foliacea distribution. Cinctipora elegans and Hornera robusta had the 
strongest relationship among the eight frame-building bryozoan species. Other 
significant relationships included Cinctipora elegans negatively correlated with 
Adeonellopsis spp., and Hornera foliacea positively correlated with Hornera robusta and 
Celleporina grandis. A discussion of these results is included in Chapter Eight. 
Epibenthic Fauna of the Otago Shelf 
6.1 Epibenthic Fauna of the Otago Shelf 
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Chapter Six 
Thirty-nine epibenthic species or higher taxa were identified from the photographic 
samples, in addition to the frame-building bryozoans examined in the previous chapter. 
An additional two categories of conspicuous, but not clearly identifiable, epibenthic 
organisms were also included. All epibenthos identified from photographic samples is 
listed in Table 6.1. 
Epibenthic fauna was initially grouped into higher taxonomic categories for statistical 
analysis. Percentage cover data of epibenthic fauna (presented in Appendix Two) were 
statistically analysed (see Section 4.9). The results are presented numerically and 
graphically, and a description of epibenthic faunal abundance, distribution, and 
associations between taxa follows. 
Table 6.1 Epibenthic fauna of the Otago Shelf identified from photographic samples. 
AsCIDIACEA 
Cnemidocarpa spp. Huntsman 
Didemnum spp. Savigny 
BRYOZOA 
Adeonellopsis spp. MacGillivray 
Akatopora circumsaepta (Uttley) 
Celleporaria agglutinans (Hutton) 
Celleporina grandis Gordon 
Cellaria immersa (Tenison Woods) 
Cinctipora elegans Hutton 
Disporella pristis (MacGillivray) 
Hippomenella vellicata (Hutton) 
Hornera foliacea MacGillivray 
Hornera robusta MacGillivray 
Tetrocycloecia parapaliculata Taylor, 
Schembri & Cook 
CNIDARIA (Actiniaria) 
Bunodactis chrysobathys Parry 




Eurynolambrus australis Milne Edw. & Lucas 
Hermit crab 
Tiny crab (?Leptomithrax sp.) 
ECHINODERMATA 
Asteroid ea 
Astropecten primigenius Mortensen 
Odontaster benhami (Mortensen) 
Pentagonaster pulchellus Gray 
Sclerasterias mollis (Hutton) 
Echinoidea 
Goniocidaris umbraculum (Hutton) 
Pseudechinus spp. Mortensen 
including Pseudechinus huttoni Benham 
Holothuroidea 
Stichopus mollis (Hutton) 
Ophiuroidea 
Ophiocoma bollonsi Farquhar 
or Ophiopteris antipodum Smith 
Ophiopsammus maculata (Verrill) 
MOLLUSCA 
Bivalvia 
Atrina zelandica (Gray) 
Aulacomya atra maoriana (Iredale) 
Barbatia novaezealandiae (E.A. Smith) 
Limatula maoria Finlay 
Longimactra elongata (Quoy & Gaimard) 
Modiolus areolatus (Gould) 
Gastropoda 
Alcithoe arabica (Gmelin) 
Argobuccinum tumidum (Dunker) 
Astraea heliotropium (Martyn) 
Austrofusus glans (Roding) 
Maoricolpus roseus (Quoy & Gaimard) 
Maurea spp. Oliver 
White nudibranch 
POLYCHAETA 
Filograna sp. Oken 





Tripterygiidae spp. (triplefin) 




Solitary and compound tunicates occurred in the research area, tentatively identified as 
Cnemidocarpa spp. and Didemnum sp. respectively. Specimens photographed and 
collected from the region resembled the images and descriptions of from faunal 
identification cards at the Portobello Marine Laboratory (PML). Both of these ascidians 
have been recorded from the region previously (Probert et al., 1979). Cnemidocarpa spp. 
have been recorded from Antarctica, Australasia, some Pacific Islands and Asia, while 
Didemnum spp. has been reported from these areas as well as tropical African regions 
(e.g., Millar, 1962; Kott, 1969, 1985; Nishikawa, 1991). Didemnum colonies have been 
recorded as various morphological types, from long hanging colonies to low mats that 
can range in colour, including tan, cream, yellow, orange or pink (Cohen, 2005; U.S. 
Geological Survey-Woods Hole Science Centre, 2006). This genus encrusts hard 
substrates, including pebbles, cobbles, boulders and rock outcrops, from the intertidal 
zone to continental shelf depths (Cohen 2006, USGS-WHSC 2006). 
Solitary ascidians (Fig. 6.la-d) occurred in a range of colours, including red, orange, 
white and blue, and were often observed as only a pair of siphons protruding from the 
thicket. Compound ascidians were typically pink or grey-blue. The pink compound 
ascidians could be easily distinguished from sponges by their modular pattern of 
growth (Fig. 6.le-g); however, other compound ascidians frequently resembled 
sponges. It should, therefore, be noted that some ascidian colonies may have 
consequently been mistakenly categorised as Covering sponge or vice versa. 
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Figure 6.1 Examples of ( a-d) solitary and ( e-g) encrusting ascidians from the Otago shelf. 
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Bryozoa 
Three tube-forming bryozoans were identified, all of which are symbiotic associates of 
hermit crabs. Akatopora circumsaepta (Fig. 6.2c-d), Disporella pristis (Fig. 6.2a-b) and 
Tetrocycloecia parapelliculata (Fig. 6.2e-f) were clearly identifiable, as each species had a 
definitive shape or colour. Photographed organisms and collected specimens 
resembled those in Batson (2000, Figs. 4.7 F, G and H) and Taylor et al. (1989, Figs. 3 B-
D). Disporella pristis is a cyclostome that often encrusts gastropod shells occupied by 
pagurid hermit crabs, including Australeremus cooki (Fihol), Pylopagurus stewarti (Fihol) 
and Pylopagurus sp. (Taylor et al., 1989). This bryozoan forms a loosely to tightly coiled 
helicospiral tube, which is often covered by spines, resulting in a 'knobbled' appearance 
(Taylor et al., 1989). Akatopora circumsaepta is a cheilostome that produces a purple tube 
(a colouration that persists after death). On the Otago shelf, the crabs associated with 
this species include Paguristes barbatus and Pylopagurus stewarti (Taylor et al., 1989). 
Tetrocycloecia parapelliculata produces loosely coiled helicospiral tubes around gastropod 
shells that are inhabited by hermit crabs (Taylor et al., 1989). These tubes have a very 
pale orange colouration (Taylor et al., 1989). This bryozoans was most frequently found 
in association with Pylopagurus stewarti, but also with Pylopagurus n. sp. and 
Australeremus cooki (Taylor et al., 1989). 
Cnidaria - Actiniaria 
Two actiniarians were identified with expert help as Bunodactis chrysobathys and 
Cerianthus sp. B. chrysobathys (Fig. 6.2i-j) has been previously observed in the region 
(Hand, 1975; Probert et al., 1979). This anemone was recognised by its apricot-coloured 
stalk with white tentacles and was often attached to other organisms, including frame-
building bryozoans. Cerianthus sp. is a tube-dwelling anemone that burrows into the 
sediment. This genus has been recorded amongst the fauna of scallop beds in western 
Gulf of Maine at depths of 56-84 m (Langton and Robinson, 1990). This anemone was 
recognised by its thin brown tentacles, which protruded from the sediment (Fig. 6.2g-h). 
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Figure 6.2 Examples of tubicolous bryozoans, (a-b) Disporella pristis, (c-d) Aktopora circumsaepta, (e-f) 




The crustacean fauna included sessile barnacles and a range of mobile decapods. 
Barnacles were typically attached to mollusc shells inhabited by hermit crabs (Fig. 6.3£). 
Several hermit crab species have been previously recorded from the Otago shelf 
(Probert et al., 1979; Taylor et al., 1989). When photographed (Fig. 6.3a-b ), however, 
hermit crabs were observed only if they protruded from their shelter and could not be 
clearly identified to species. Consequently, many hermit crabs may have been 
categorised by their shelter (e.g., as Maoricolpus roseus), while those with bryozoan tubes 
were categorised by their symbiotic bryozoan associates. Eurynolambrus australis is a 
brachyuran crab with a distinctive triangular carapace. This is a bright red crab with 
purple pincers (Fig. 6.3g-h) that was positively identified with expert help. E. australis 
has been previously recorded in the area (Probert et al., 1979). Other crabs were 
generally very small and could not be clearly identified. These crabs were recorded as 
'Brown crab' (Fig. 6.3e) and 'Tiny crab' (Fig. 6.3c-d) for their colouration or size. It is 
possible that 'Tiny crab' may be a Leptomithrax sp., but the photographed specimens 
were too small to confirm this identification. 
Figure 6.3 Examples of crustaceans from the Otago shelf, (a-b) hermit crabs, (c-d) tiny crab, (e) brown 




Several asteroids were identified by comparison with PML' s identification cards, all of 
which are known members of the Otago shelf benthic fauna (Probert et al., 1979). 
Odontaster benhami is a pentagonal biscuit star and is typically light brown, reddish or 
orange in colour (Tracey et al., 2005) with relatively small aboral plates (Fig. 6.4c). This 
species is known only from the Australasian region (Australian Faunal Directory) and 
has a typically southern distribution, from Cook Strait to The Snares islands in New 
Zealand (Tracey et al., 2005). Odontaster benhami is generally found in temperate 
continental shelf/ slope benthic habitats (Australian Faunal Directory). Pentagonaster 
pulchellus is also a pentagonal biscuit star but can be distinguished from Odontaster 
benhami by its relative large aboral marginal plates (Fig. 6.4c). This species can reach up 
to 75 mm in diameter (Powell, 1993). Pentagonaster pulchellus has not been recorded 
north of Napier, North Island (Powell, 1993). Sclerasterias mollis is a five-armed starfish 
with an orange to brick-red colouration and five rows of white, cream or yellow spines 
on the aboral surface (Fig. 6.4d-e). This species grows to approximately 400 mm across 
(Tracey et al., 2005). Sclerasterias mollis is present at depths of 0-600 m and is distributed 
throughout the New Zealand region, being common south of Cook Strait (Tracey et al., 
2005). This starfish was occasionally photographed in a hunched feeding posture (Fig. 
6.4e). A fourth asteroid was identified as Astropecten primigenius (Fig. 6.4£) on 
comparison with PML' s identification cards. This species has previous been recorded 
in the region (Probert et al., 1979; Clark and McKnight, 2000). 
Echinoidea 
Two sea urchins were identified from the photographic samples. Goniocidaris 
umbraculum has a pink to brown test up to 30 mm in diameter, with long, thick spines, 
some of which terminate in a broadened tip, i.e., an inverted umbrella shape (Powell, 
1993; Tracey et al., 2005) (Fig. 6.4h). This is a distinctive sea urchin that was identified 
with expert help and has been previously observed on the Otago shelf (Probert et al., 
1979). G. umbraculum is well known among the fauna of the Foveaux Strait and occurs 
on the east coast of the South Island, south of Cook Strait at depths of 20-200 m (Tracey 
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et al., 2005). Pseudechinus spp., possibly including Pseudechinus huttoni, is a small, 
white/ cream sea urchin with thin, pale pink spines, giving the animal a fluffy 
appearance (Fig. 6.4i). This echinoid was identified from PML' s identification cards and 
has been previously found on the Otago shelf (Probert et al., 1979). 
Holothuroidea 
The only holothurian recorded from the photographic samples was the common sea 
cucumber, Stichopus mollis (Fig. 6.4g). This is a mottled brown and white, sausage-
shaped animal, which grows to around 100-150 mm long (Powell, 1993). Stichopus 
mollis has been recorded in Australia and New Zealand in benthic environments at 
depths of 0-140 m (Australian Faunal Directory). This species has been previously 
recorded from the Otago shelf (Probert et al., 1979). 
Ophiuroidea 
Two, and possibly three, species of brittlestar were identified from the photographic 
samples. Ophiopsammus maculata is a relatively large ophiuroid, to 300 mm in diameter 
(Powell, 1993), with a small round disc and five long, thin arms. The animal is brick-
red/ orange, with dark/black markings on the disc aborally and a cream to apricot 
colouration on the oral surface (Fig. 6.4a-b). This species has been recorded on the 
Otago shelf (Probert et al., 1979). Ophiopsammus maculata often occurred on the bare 
sediment between bryozoan colonies and occasionally on top of a thicket (Fig. 6.4b). 
The other ophiuroid present in the sample images was a black or dark brown, five-
armed animal with a covering of fine spines (Fig. 6.4a). Two brittlestars that are known 
to occur on the Otago shelf, Ophiocoma bollonsi and Ophiopteris antipodum (Probert et al., 
1979), match this description. Microscopic examination is required to distinguish 
between these species. The black brittlestars identified from photographic samples 
were, therefore, categorised as Ophiocoma bollonsi/Ophiopteris antipodum. These 'fuzzy' 
brittlestars were commonly observed sheltering around the periphery of bryozoan 
colonies (Fig. 6.4a). 
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Figure 6.4 Examples of echinoderms from the Otago shelf, (a) Ophiocoma/Ophiopteris (black brittlestars 
around Cinctipora elegans colony) and Ophiopsammus maculata, (b) Ophiopsammus maculata, (c) 
Odontaster benhami (top right) and Pentagon.aster pulchellus (bottom left), (d) Sclerasterias mollis, (e) 
Sclerasterias mollis in feeding position, (f) Astropecten primigenius, (g) Stichopus mollis, (h) 




Several bivalve molluscs were identified protruding from or on the seabed. These 
bivalves were identified by comparison with images and descriptions from Penniket 
(1982), Powell (1979) and Portobello Marine Laboratory identification cards. The 
majority of these species have been previously recorded from the region by Probert et al. 
(1979) and Donald (2001). Atrina zelandica, the horse mussel, is a wedge-shaped bivalve 
that grows to 300-450 mm long and lives partly buried in the seabed, with the pointed 
anterior end anchored deep in the substrata by a byssus and the wider end of the shell 
protruding from the sediment (Powell, 1979; Penniket, 1982). The shell is thin and 
fragile, and has a silvery, iridescent appearance (Powell, 1979). Other organisms, such 
as sponges and anemones, often surround the exposed end (Fig. 6.5h). Other bivalves 
included Aulacomya maoriana, the ribbed mussel; Barbatia novaezealandiae, the New 
Zealand ark shell; Limatula maoria, the New Zealand file; and Modiolus areolatus, the 
hairy mussel (Fig. 6.5i) and the tentatively identified Longimactra elongata, the long 
trough shell (Fig. 6.5g). A. maoriana is usually no longer than 50 mm and has distinctive 
radial ribbing on the outer surface of the purplish-black shell (Powell 1979). A. maoriana 
occurs throughout New Zealand but is commoner south of Cook Strait (Powell 1979). 
B. novaezealandiae is an elongate bivalve with a fairly distinctive shape. The shell is 
almost rectangular with rounded ends and a ragged fringe from the remains of a horny 
periostracum (Penniket, 1982). B. novaezealandiae occurs throughout New Zealand 
(Penniket, 1982). L. maoria has an oval, finely ribbed, white shell that can grow up to 30 
mm long. L. maoria is free-living and occurs from subtidal depths throughout New 
Zealand (Penniket, 1982). Growing up to 100 mm in length, M. areolatus has a strong 
shell that ends in an angled, rounded beak and is covered by a dark brown, hairy 
periostracum (Penniket, 1982). M. areolatus is distributed throughout New Zealand and 
the Antarctic islands (Penniket, 1982). These four species were less prominent in the 
Otago Shelf fauna than A. zelandica. Fragmented shells, including valves of Chlamys or 
Pecten species, and Glycymeris spp. are evidence that other bivalve molluscs occur on 
the Otago shelf or in neighbouring areas from where they have been transported. 
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Gastropoda 
A number of gastropod molluscs were also recorded within the study area. Maoricolpus 
roseus, the large turret shell (Fig. 6.5e) was the most commonly observed of this class. 
M. roseus has a narrowly tapered reddish-brown shell up to 80 mm tall with many, 
straight-sided whorls, sculptured with fine, spiral threads (Powell, 1979; Penniket, 
1982). M. roseus is distributed throughout New Zealand and generally lives in clean 
water channels from low tide to moderately deep water (Powell, 1979; Penniket, 1982). 
It is possible that many of these M. roseus shells were empty or contained hermit crabs 
(e.g., Fig. 6.3a). Alcithoe arabica, arabic volute; Argobuccinum tumidum, swollen whelk 
(Fig. 6.5a); Astraea heliotropium, circular saw shell (Fig. 6.5b); Austrofusus glans, knobbed 
whelk (Fig. 6.5c) and Maurea sp. (Fig. 6.5d) were the other positively identified 
gastropods. A. arabica has a shell of up to 150 mm in length that is typically cream to 
fawn coloured with reddish blotches and an overall pattern of thin dark zigzag marks 
(Powell, 1979; Penniket, 1982). This species lives half buried in the substrate (Powell, 
1979). A. tumidum is broadly ovate, with a capacious aperture, is reddish-brown with 
narrow dark brown bands, and can be up to 11 cm high (Powell 1979). A. heliotropium is 
a distinctive shell that resembles a circular saw blade (Penniket, 1982). This spiral 
univalve is misty blue-grey on top, with a yellow-tinged base, and is decorated with 
spiral rows of beading and large spiny processes around the periphery (Penniket, 1982). 
This shell reaches 125 mm across and 5-6 cm in height (Penniket, 1982). A. heliotropium 
occurs throughout New Zealand in moderately deep water habitats (Powell, 1979). A. 
glans is a yellow-fawn colored whelk with radial streaks of reddish-brown (Powell, 
1979; Penniket, 1982). The shell is well rounded with small, sharp white nodules on the 
whorls and grows up to 93 mm in height (Penniket, 1982; Tracey et al., 2005). A. glans is 
distributed throughout New Zealand and the Chatham Islands at depths of 0-420 m 
(Penniket, 1982; Tracey et al., 2005). Maurea sp. is a tentatively identified brown striped 
top shell. A white or cream nudibranch about 40-50 mm in length was also present in 
the photographic samples. It was comparable to the photographed specimen in Tracey 
et al. (2005) and the PML identification cards. A dorid 'white and yellow' nudibranch 
has previously been recorded from the Otago shelf by Probert et al. (1979). 
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Figure 6.5 Examples of the most conspicuous molluscs of the Otago shelf, (a) Argobuccinum tumidum, 
(b) Astraea heliotropium, (c) Austrofusus glans, (d) Maurea sp., (e) Maoricolpus roseus roseus, (f) white 
sea slug, (g) Longimactra elongata, (h) Atrina zelandica, (i) Modiolus areolatus. 
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Porifera 
There was an extensive range of sponges in the research area (Fig. 6.6). Several sponges 
have been previously identified on the Otago shelf by Probert et al. (1979). Of these, 
Cliona celata is evident among the photographed fauna of this study (Fig. 6.6a). 
Identification to species or even to a higher level, however, was not possible with any 
degree of certainty. Instead, and as a matter of interest, sponges were categorised by 
their form. Sponges that were encrusting and did not reach much further into the water 
column than the organism on which they had grown were called 'Covering sponges'. 
'Upright sponges' were poriferans that produced more distinctive branching shapes, 
resulting in 'fingers' that extended further into the water column and often grew 
without bryozoans as basal support. It should be noted that, owing to the resolution of 
the images, some covering sponges may have been categorised as compound ascidians 
and vice versa. 
Polychaeta 
Both solitary and clumped tubicolous polychaetes were identified from the seafloor 
photographs. The colonial polychaete was identified with expert help as Filograna sp. 
and occurred in white, calcareous clumps of individuals, which were often integrated 
with bryozoan colonies (Fig.6.7b). This species is a small serpulid polychaete but forms 
dense aggregations on the seabed (Beesley et al., 2000). The large tube and red fan of 
another serpulid tubeworm, identified as Protula bispiralis, was clearly seen at the 
resolution of the seafloor photographs (Fig. 6.7a). P. bispiralis was identified from 
comparison to images (Beesley et al., 2000; Smith and Gordon, 2003) and specimens, 
and has been previously recorded from the area (Probert et al., 1979). Serpulids are 
filter-feeding animals and are easily recognized by their tentacular crown and white 
calcium carbonate tube (Beesley et al., 2000). 
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Figure 6.6 Examples of (a-e, g) covering and (f, h, i) upright sponges from the Otago shelf. Note that 
some of these species may be compound ascidians, however the distinction between sponges and 
compound ascidians was often difficult to make due to photographic resolution. 
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Teleostei 
Two types of teleost fishwere present in the sample images. The largest was the well-
known blue cod or rawaru, Parapercis colias (Fig. 6.7c). This species is a member of the 
sandperch family, Pinguipedidae, and is a demersal opportunistic carnivore, feeding on 
a wide variety of prey that mainly consist of crustaceans, small fish and molluscs 
(Carbines, 2003). P'. colias is distributed from the Three Kings Islands to The Snares 
islands, and is most abundant around the Southland coast and Chatham Islands 
(Carbines, 2003). Although primarily coastal and usually occurring at depths shallower 
than 150 m, P. colias is found to the edge of the continental shelf and in water over 300 
m deep (Carbines, 2003). P. colias can reach a length of 650 mm, a weight of 4 kg and a 
maximum age of approximately 20 years (Carbines, 2003). Juveniles are around 100-150 
mm long and are white/pale with two brown stripes.running the entire length of their 
body (Carbines, 2003). Blue cod is an important commercially inshore fishery at several 
locations around New Zealand (Bradstock and Gordon, 1983; Carbines and Jiang, 2002; 
· Carbines et al., 2004). 
The other teleost fish present were possibly members of the Tripterygiidae (triplefins). 
Although very hard fo see clearly, all examples of these fish had similar characteristics, 
including large, dark eyes and a head that appeared much wider than the rest of the 
tapered body (Fig. 6.7d-e). Most specimens were a pale colour with reddish-brown 
lateral bands. This general description matched those of the triplefins in Clements 
(2003) and have previously been reported in the area e.g., Forsterygionsp. (Probert et al., 
1979). These animals were always observed on bare patches of sediment (Fig. 6.7d-e). 
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Figure 6.7 Examples of polychaetes, (a) Protula bispiralis, (b) Filograna sp., and teleost fish from the 
Otago shelf, (c) Parapercis colias, (d-e) Forsterygion sp. 
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6.2 Abundance and Distribution of Otago Shelf Epibenthos 
Percent cover data for nine epibenthic taxa were transformed to achieve normality and 
statistically analysed to determine epifaunal abundance and patterns of distribution 
throughout the study area. See Appendix Five for normality plots for each data set. 
A summary of total epibenthic faunal abundance for the study area is presented in 
Table 6.2. Total epibenthos coverage for each sampling station in presented in Table 6.3 
and a contour plot illustrates the fine-scale distribution of all epifauna (not including 
frame-building bryozoans) in Figure 6.8. Epibenthic fauna (not including frame-
building bryozoans) covered an average area of 3.62% per sample throughout the study 
region (Table 6.2). Faunal coverage occurred at all stations sampled and peaked at the 
mid-depths (80-90 m) of the central transects (B-D) (Table 6.3, Fig. 6.8). The highest 
average coverage of epibenthic organisms, of 0.09 m2, occurred at sampling station D70, 
with stations C80, C90, and E80 also having relatively high faunal coverage. Epibenthic 
fauna covered up to a maximum 27.52% of a photographic sample. 
Table 6.2 Overall mean, 95% confidence interval for the mean, and maximum percent cover for the 
epibenthic taxa of the Otago mid-shelf. 
Species 
n =497 
Mean 95% Confidence Maximum 



















1.33, 1.60 17.27 
0.89, 1.08 17.71 
0.31, 0.37 4.13 
0.24, 0.30 4.31 
0.09, 0.14 7.32 
0.02, 0.03 0.69 
0.01, 0.03 3.11 
0.01, 0.02 0.73 
0.00, 0.02 2.49 
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Table 6.3 Mean, 95% confidence interval for the mean, and maximum percent cover of total epibenthos 
for each sample station. 
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Figure 6.8 Contour plot of total epibenthos percent cover throughout the study area. Co-ordinates are 
given for each corner of the plot and the red dots are the positions of sampling stations. Scales are 
percentage cover (%). 
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A summary of coverage for each epifaunal taxon is present in Table 6.4, with 
distribution patterns of each taxonomic group depicted as a contour plot in Figure 6.9. 
Sponges were the most abundant epibenthic organisms throughout the Otago mid-
shelf, covering on average 1.5% of the seafloor and up to 17.3% (Tables 6.2, 6.4). 
Porifera coverage peaked at 80 m in the region between Cape Saunders and Saunders 
Canyon (Table 6.4). This taxon was absent from 60 m on transect C and from the deeper 
samples in the southern limits of the study area. Porifera coverage was minimal at 70 m 
and 100 m along transect A and at the deep isobaths along transect B and those 
transects positioned further south (Table 6.4, Fig. 6.9a). 
Echinoderms were the next most commonly occurring taxon, with a mean coverage 
only slightly lower than that of the Porifera (Table 6.2). Echinoderm coverage was 
extensive, but minimal in deeper samples. Covering up to 17.7% of the seafloor, 
echinoderms peaked in abundance around D70, C90 and B70 (Table 6.4, Fig. 6.9b). 
The Ascidiacea had a similar pattern of distribution to that of the Echinodermata (Fig. 
6.9c). Tunicate abundance, however, was much less, covering an average 0.34% per 
sample and only as much as 0.04 m2 of the seabed per photograph at the maximum 
(Table 6.4). 
The molluscs were distributed over two main areas that were centered at the southern 
stations E80 and D70, and station A80 in the north (Table 6.4, Fig. 6.9d). The Crustacea 
also had two zones of distribution, centred at 80 m on transects E and B; however, 
coverage was generally minimal (Table 6.4, Fig. 6.9£). Actiniaria distribution was 
concentrated around the shallower stations in the north of the research area (Table 6.4, 
Fig. 6.9e). Polychaete coverage peaked at 70 m on transect D but was minimal or 
frequently absent from other sampling stations (Table 6.4, Fig. 6.9g). The symbiotic 
bryozoans observed within the study area also occurred over two distinct zones and 
were centered around stations D70 and B80, but made a very small contribution to 
overall faunal cover (Table 6.4, Fig. 6.9h). The distribution of polychaete and tubicolous 
bryozoans was fairly similar, and limited to only a few stations. The Teleostei consisted 
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of only two taxa, Parapercis colias (blue cod), which occurred in the north at stations A70, 
A80, B80 and D100, and the smaller Forsterygfon spp. (triplefin), which was observed in 
samples from stations A80, A90, CllO, D90, D100, and ElOO (Table 6.4, Fig. 6.9i). 
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Table 6.4 Mean, 95% confidence interval for the mean, and maximum percent cover of each epibenthic taxa for each sample station. 











Transect (m) n (%) 
Confidence 
(%) (%) Confidence (%) (%) 




Interval lntervaf Interval Interval Interval 
A 70 18 0.13 -0.17, 0.55 0.93 0.15 -0.12, 0.52 1.64 0.10 -0.04, 0.26 0.84 0.26 0.11, 0.42 1.79 0.43 0.25, 0.64 3.01 
80 20 3.02 2.00,4.38 10.95 0.82 0.42, 1.38 3.04 0.65 0.45, 0.88 2.73 0.65 0.44, 0.82 2.27 0.31 0.15, 0.49 2.74 
90 20 1.67 1.00, 2.58 11.66 0.47 0.14, 0.91 2.84 0.21 0.06, 0.37 0.72 0.18 0.05, 0.33 1.40 0.22 0.08, 0.39 1.54 
100 ·23 0.28 0.01, 0.64 4.83 0.17 -0.06, 0.45 1.28 0.56 .· 0.40, 0.73 4.13 0.15 0.04, 0.27 0.78 0.04 -0.07, 0.15 1.18 
B 70 30 2.16 1.50, 2.98 14.29 2.86 2.14,3.75 14.05 0.77 0.60, 0.96 3.04 0.29 0.18, 0.42 1.43 0.26 0.13, 0.39 7.32 
80 29 3.21 2.32,4.34 14.65 1.32 0.88, 1.86 17.36 0.52 0.37, 0.69 3.81 0.36 0.24, 0.50 4.31 0.14 0.02, 0.26 0.87 
90 28 0.30 0.02, 0.66 12.60 1.18 0.76, 1.70 4.98 0.24 0.11, 0.37 1.61 0.21 0.09, 0.32 0.71 0.16 0.05, 0.29 1.91 
100 23 0.37 0.04,0.79 8.42 0.31 0.03,0.66 3.22 0.13 0.004, 0.27 0.48 0.16 0.04, 0.29 1.38 0.00 - 0.00 
C 60 8 0.00 - 0.00 0.83 - 3.38 0.00 - 0.00 0.05 - 0.29 0.00 - 0.00 
70 25 1.44 0.89, 2.16 14.80 1.11 0.68, 1.65 2.53 0.34 0.19, 0.50 1.54 0.16 0.05, 0.29 1.37 0.02 -0.09, 0.14 0.62 
80 28 5.91 4.42, 7.81 17.27 1.42 0.95, 2.00 5.03 0.30 0.16, 0.44 0.93 0.10 -0.001, 0.21 0.53 0.11 -0.003, 0.23 3.08 
90 24 4.09 2.91, 5.63 10.99 3.25 2.37,4.37 13.67 0.51 0.34, 0.69 3.37 0.13 0.01, 0.25 0.94 0.06 -0.06, 0.19 0.72 
100 22 0.49 0.13, 0.97 2.87 0.18 -0.08, 0.51 1.01 0.22 0.08, 0.38 0.80 0.21 0.08, 0.35 1.05 0.09 -0.03, 0.24 1.32 
110 18 0.12 - 0.72 0.02 - 0.24 0.11 - 0.98 0.01 - 0.29 0.00 - 0.00 
D 70 27 3.51 2.52, 4.77 10.57 3.28 2.44,4.33 17.71 0.60 0.44, 0.78 2.18 0.81 0.64, 1.00 2.92 0.06 -0.05, 0.19 0.97 
80 25 3.14 2.19, 4.35 10.14 1.41 0.92, 2.03 4.92 0.22 0.09, 0.37 1.12 0.43 0.29, 0.59 2.26 0.05 -0.07, 0.17 0.94 
90 20 0.02 -0.24, 0.37 0.27 0.16 -0.11, 0.50 0.90 0.31 0.15, 0.49 1.15 0.06 -0.06, 0.20 0.68 0.11 -0.02, 0.26 3.02 
100 21 O.Ql -0.24, 0.35 0.18 0.03 -0.20, 0.33 0.23 0.32 0.16, 0.49 1.26 0.09 -0.03, 0.22 1.28 0.10 -0.03, 0.25 1.48 
E 70 25 0.97 0.52, 1.55 5.83 0.97 0.57, 1.48 3.64 0.21 0.08, 0.35 0.89 0.35 0.22, 0.50 1.74 0.06 -0.05, 0.19 1.57 
80 39 4.31 3.35, 5.52 13.28 2.01 1.52, 2.61 9.44 0.34 0.23, 0.47 1.66 0.60 0.47, 0.74 3.33 0.12 0.02, 0.22 3.39 
90 14 0.00 - 0.00 0.11 -0.19, 0.53 2.41 0.06 -0.09, 0.24 0.18 0.04 -0.10, 0.20 0.68 0.00 - 0.00 
100 13 0.00 - 0.00 0.07 -0.23, 0.49 1.42 0.00 -0.15, 0.19 0.06 0.02 -0.13, 0.18 0.18 0.00 - 0.00 
·• 











Transect (m) n (%) Confidence (%) (%) Confidence (%) (%) Confidence (%) (%) 
Confidence (%) 
Interval Interval Interval Interval 
A 70 18 0.03 -0.10, 0.18 0.40 0.00 - 0.00 0.02 -0.01, 0.05 0.32 0.06 0.01, 0.11 1.78 
80 20 0.01 -0.11, 0.15 0.22 0.00 - 0.00 0.01 -0.02, 0.03 0.14 0.12 0.08, 0.17 2.49 
90 20 0.00 - 0.00 0.00 - 0.00 0.02 -0.003, 0.05 0.18 0.01 -0.03, 0.06 0.17 
100 28 0.00 - 0.00 0.00 - 0.00 0.01 -0.02, 0.03 0.11 0.00 - 0.00 
B 70 30 0.00 - 0.00 0.02 -0.02, 0.06 0.74 0.01 -0.01, 0.03 0.09 0.00 - 0.00 
80 29 0.03 -0.07, 0.14 0.25 0.00 - 0.00 0.06 0.04, 0.09 0.28 0.01 -0.03, 0.04 0.23 
90 28 0.06 -0.05, 0.18 0.34 0.05 0.01, 0.10 0.55 0.02 -0.0003, 0.05 0.32 0.00 - 0.00 
100 23 0.00 - 0.00 0.00 - 0.00 0.01 -0.01, 0.04 0.33 0.00 - 0.00 
C 60 8 0.00 - 0.00 . 0.00 - 0.00 0.00 - 0.00 0.00 - 0.00 
70 25 0.00 - 0.00 0.00 - 0.00 0.02 -0.01, 0.04 0.30 0.00 - 0.00 
80 28 0.00 - 0.00 0.02 0.001, 0.09 0.83 0.00 - 0.00 0.00 - 0.00 
90 24 0.03 -0.08, 0.16 0.62 0.03 -0.01, 0.08 1.32 0.01 -0.02, 0.03 0.13 0.00 - 0.00 
100 22 0.01 -o.11,o.1_U 0.25 0.00 - 0.00 0.01 -0.01, 0.04 0.31 0.00 - 0.00 
110 18 0.01 - 0.19 0.00 - 0.00 0.00 - 0.00 0.01 - 0.12 
D 70 27 0.03 -0.07, 0.15 0.69 0.08 0.03, 0.12 1.24 0.10 0.08, 0.13 0.73 0.00 - 0.00 
80 25 0.03 -0.08, 0.15 0.28 0.00 - 0.00 0.02 -0.004, 0.05 0.39 0.00 - 0.00 
90 20 0.04 -0.08, 0.18 0.49 0.00 - 0.00 0.00 -0.02, 0.03 0.08 0.00 -0.04, 0.04 0.06 
100 21 0.00 -0.11, 0.14 0.07 0.00 - 0.00 0.00 - 0.00 0.04 -0.001, 0.08 0.50 
E 70 25 0.06 -0.05, 0.19 0.33 o.oo. - 0.00 0.01 -0.01, 0.04 0.17 0.00 - 0.00 
80 39 0.10 0.01, 0.20 0.51 0.04 0.002, 0.07 3.11 0.00 -0.02, 0.02 0.08 0.00 - 0.00 
90 14 0.02 -0.13, 0.19 .0.14 .o.oo - 0.00 0.01 -0.03, 0.04 0.08 0.00 - 0.00 
100 13 0.04 -0.12, 0.23 0.37 0;00 - 0.00 0.00 - 0.00 0.01 -0.04, 0.06 0.10 
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Figure 6.9 Contour plots of percent coverage for epibenthic taxa. Co-ordinates are given for each comer 
of the plot and red dots are the position of sampling stations (see Fig. 6.8). Scales are percentage cover 
(%). 
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Figure 6.9 continued. 
170oE 43.000, 4SoS 48.000 
• 
• • 
170oE 43.000, 4SoS 60.000 















170oE 55.000, 45oS 60.000 
(£) Crustacea 




170oE 43.000, 45oS 60.000 












17(kiE 55.000, 45oS 60.000 
(h) Symbiotic Bryozoa 
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Figure 6.9 continued. 












6.3 Environmental Influences on Epibenthic Fauna 
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Two environmental factors, depth and transect, were investigated for their influence on 
distribution of epibenthic fauna within the Otago shelf research area. Water depth is 
not by itself an environmental factor but a proxy for several factors (i.e., temperature, 
light, pressure and food) . These factors are, therefore, representative of changes in 
other environmental conditions, as discussed for frame-building Bryozoa in the 
previous chapter. ANOVA, GLM and Tukey's test tables and interaction plots for total 
epifaunal coverage and the three most abundant taxa are included in this chapter to 
provide comprehensive summaries of the variation in epibenthic fauna! distribution, 
with additional tables for all of the taxa presented in Appendix Five. 
General patterns were determined from the combined epibenthic fauna data. Both 
factors and the interaction term of the ANOV A were significant for total epibenthos 
(Table 6.5). The large F-value (F = 117.44, P-value <0.001) for depth suggested that this 
factor had the greatest association with the distribution of epibenthic fauna. Regression 
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analysis (Table 6.6) indicated that fauna! cover changed increasingly from transect C to 
the outer limits of the study area, with the greatest change in cover occurring over the 
region between transects C and E. The interaction of depth and transect had the greatest 
association with the distribution of total epibenthos in the southern region between 
transects C to E. The interaction plot revealed a sharp decrease in faunal cover between 
80 m and 90 m for all transects, with the exception of transect C where faunal cover 
increased slightly before decreasing significantly between 90 m and 100 m (Fig. 6.10). 
Transects B and D had similar changes in fauna! cover from 70 m to 100 m. The highest 
average cover for each transect did not always occur at the same depth; however, the 
lowest average fauna! cover always occurred along the 100 m isobath. Examination of 
the Tukey's tests indicated that the most frequent difference in faunal coverage 
occurred between stations positioned at 80 m and 100 m depths (Table 6.7). 
Table 6.5 Analysis of variance for Log10(Total Epibenthos) using Adjusted SS for tests with factors of 
depth, transect and the interaction term depth*transect as sources of variation. 
Source of variation df ss AdjustedSS Adjusted MS F p 
Depth 3 23.61 23.87 7.96 117.44 <0.001 
Transect 4 3.19 5.09 1.27 18.79 <0.001 
Depth*Transect 12 13.80 13.80 1.15 16.98 <0.001 
Error 459 31.10 31.10 0.07 
Total 478 71.70 
s = 0.260297 r2 = 56.63% 
Table 6.6 Regression analysis for Log1o(Total Epibenthos) using Adjusted SS for tests with factors of 
depth, dummy variables (DV) for transect (DV(A), DV(B) DV(D), DV(E)), and the interaction terms 
depth*DV(A), depth*DV(B), depth*DV(D), depth*DV(E) as sources of variation. 
Source of variation df ss AdjustedSS Adjusted MS F p 
Depth 3 23.61 9.51 3.17 46.79 <0.001 
DV(A) 1 0.37 1.93 1.93 28.54 <0.001 
DV(B) 1 0.06 0.49 0.49 7.23 0.007 
DV(D) 1 0.01 1.11 1.11 16.45 <0.001 
DV(E) 1 2.74 4.52 4.52 66.68 <0.001 
Depth*DV(A) 3 3.10 0.91 0.30 4.48 0.004 
Depth*DV(B) 3 0.54 3.32 1.11 16.31 <0.001 
Depth*DV(D) 3 4.57 6.76 2.25 33.25 <0.001 
Depth*DV(E) 3 5.59 5.59 1.86 27.51 <0.001 
Error 459 31.10 31.10 0.07 
Total 478 71.70 
s = 0.260297 r2 = 56.63% 
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Figure 6.10 Interaction plot for changes in epibenthic faunal cover over depth and transect. 
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Table 6.7 Tukey's multiple comparison tests for differences in total epibenthos cover between sampling stations. The upper figure is the upper confidence limit and 
the lower figure is the lower confidence limit. Significant comparisons (stations not significantly different) are shaded. 
Station A70 ABO A90 AlOO B70 B80 B90 BlOO C70 C80 C90 ClOO D70 D80 D90 D100 E70 EBO E90 
ABO 0.816 
0.217 
A90 0.544 0.020 
1~ 0.056 -0.564 
AlOO 0.284 -0.240 0.032 
..:0273 -0.780 -0.508 
B70 0.809 -0.024 -0.024 -0.286 
0.259 -0.556 -0.556 -0.771 
B80 0.785 0.260 0.004 -0.258 0.214 
0.231 -0.276 -0.532 -0.746 -0.266 
B90 0.432 -0.093 0.179 0.099 -0.139 -0.110 
-0.125 -0.633 -0.361 -0.394 -0.623 -0.599 
BlOO 0.299 -0.226 0.046 0.262 -0.270 -0.242 0.115 
-0.282 -0.790 -0.518 -0.257 -0.781 -0.757 -0.404 
C70 0.591 0.487 0.215 -0.046 0.021 0.454 0.101 -0.031 
0.021 -0.066) .0.338 -0.554 -0.478 -0.050 -0.406 -0.564 
CBO 0.879 0.355 -0.087 -0.349 0.309 0.337 -0.201 -0.333 0.549 
0.322 -0.185 -0.627 -0.841 -0.176 -0.151 -0.694 -0.852 0.041 
C90 0.916 0.392 0.664 -0.366 0.347 0.375 0.732 -0.351 0.586 0.284 
0.341 -0.167 0.105 -0.879 -0.158 -0.134 0.219 -0.889 0.059 -0.229 
ClOO 0.351 -0.173 0.099 0.315 -0.217 -0.189 0.168 l·cs. 0.325 0.022 -0.280 -0.298 
-0.235 -0.743 -0.471 -0.210 -0.735 -0.710 -0.358 -0.225 -0.517 -0.805 -0.842 
D70 0.944 0.125 -0.147 -0.409 0.374 0.091 -0.261 -0.393 0.613 0.186 0.224 -0.340 
0.383 -0.419 -0.691 -0.906 -0.115 -0.402 -0.759 -0.916 0.102 -0.311 -0.293 -0.870 
D80 0.759 0.234 "· 0.047 -0.214 0.189 0.217 -0.067 -0.199 0.429 0.127 0.418 -0.146 0.066 
0.189 -0.319 -0.506 -0.721 -0.310 -,0.286 -0.574 -0.732 -0.093 -0.381 -0.109 -0.685 -0.446 
D90 0.218 -0.306 -0.034 0.358 -0.350 -0.322 0.035 0.372 -0.111 -0.413 -0.431 0.425 -0.473 -0.279 
-0.382 -0.890 -0.618 -0.182 -0.882 -0.858 -0.505 -0.192 -0.664 -0.953 -0.990 -0.145 -1.017 -0.832 
D100 0.221 -0.303 -0.031 0.186 -0.347 -0.318 0.038 0.195 -0.108 -0.409 -0.428 0.148 -0.470 -0.275 0.295 
-0.371 -0.879 -0.607 -0.347 -0.871 -0.847 -0.494 -0.362 -0.654 -0.942 -0.979 -0.414 -1.006 -0.821 -0.281 
E70 0.543 0.535 0.263 0.001 -0.026 0.501 0.149 0.017 0.213 0.596 0.634 0.070 -0.149 0.476 -0.063 -0.060 
-0.027 -0.019 -0.291 -0.506 -0.526 -0;002 -0.359 -0.516 -0.309 0.089 0.107 -0.469 -0.661 -0.045 -0.617 -0.606 
EBO 0.882 0.357 -0.121 -0.385 0.309 0.337 -0.237 -0.368 0.549 0.247 0.249 -0.315 0.187 0.382 -0.447 -0.444 0.597 
0.356 -0.151 -0.629 -0.842 -0.139 -0.115 -0.694 -0.853 0.077 -0.210 -0.230 -0.807 -0.275 -0.091 -0.955 -0.943 0.125 
E90 0.052 -0.471 -0.199 0.584 -0.512 -0.484 -0.128 0.597 -0.274 -0.575 -0.595 0.650 -0.636 -0.442 0.127 0.520 -0.227 -0.608 
-0.605 -1 .114 -0.842 -0;020 -1 .109 -1.084 -0.731 -0;028 -0.890 -1.179 -1.215 0.019 -1.243 -1.057 -0.516 -0.117 -0.842 -1.182 
ElOO 0.023 -0.500 -0.228 -0.009 -0.540 -0.513 -0.156 -0.001 -0.303 -0.604 -0.623 -0.048 -0.664 -0.471 0.098 0.088 -0.255 -0.636 0.319 
-0.648 -1.157 -0.885 -0.628 -1.153 -1.128 -0.775 -0.641 -0.934 -1 .223 -1.258 -0.693 -1.287 -1.101 -0.559 -0.563 -0.886 -1.227 -0.391 
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Among the epibenthic taxa, the distribution patterns of Porifera closely followed the 
patterns of total epibenthos (Tables 6.8-6.9, Fig. 6.11). Depth had the strongest 
relationship with sponge distribution, although transect and the interaction of 
depth*transect also had a significant association with the distribution of this taxon (Table 
6.8). Porifera cover increased to the north and south when compared to cover at the 
centre of the region, and the difference in poriferan cover was greatest between 
transects C and E (Table 6.9). A combination of depth and transect most influenced the 
coverage of Porifera between transects Band D. The interaction plot for Porifera (Fig. 
6.11) followed similar patterns to that of total epibenthos (Fig. 6.10), with sponge cover 
decreasing markedly from 80 m to 100 m . The results of the Tukey' s multiple 
comparison tests for Porifera (Table 6.10) reflected the results described above for total 
epibenthos coverage (Table 6.7). 
The Echinodermata displayed distribution patterns similar to those of the Porifera 
(Tables 6.11-12, Fig. 6.12). Depth had the greatest association with the distribution of the 
Echinodermata, although the lower F-value (F = 42.62, P-value <0.001), relative to that 
for Porifera, indicates that this factor does not have as much effect as it did on Poriferan 
distribution. Echinoderm cover along transects A and C deviated the most from the 
distribution patterns illustrated for total epibenthos and Porifera (Table 6.12, Fig. 6.12). 
Further regression analysis showed that echinoderm coverage along transect B was not 
significantly different from that at transect C, while transect A had the greatest 
difference in coverage when compared to transect C (Table 6.12). Tukey's tests revealed 
echinoderm cover to be most similar among stations at 90 m and 100 m, as was cover at 
stations along the 70 m and 80 m isobaths (Table 6.13). A comparison between stations 
from transects A and E most frequently had significantly similar average echinoderm 
coverage. The sampling stations from transects A and E had the greatest similarity in 
echinoderm cover. 
The distribution of Ascidiacea had the greatest association with the interaction of depth 
and transect (Table 6.14), particularly in the region between transects A and C (Table 
6.15). Transects E and C were the only regions that had significantly different 
ascidiacean coverage (Table 6.15, Fig. 6.13). Tukey's tests highlighted station B70 as 
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possessing significantly different ascidiacean cover in comparison to other regions of 
the research area (Table 6.16). The coverage of ascidians at stations A70, A80, B80, BlOO, 
D70, C90, E90 and ElOO was also significantly different from other sampling stations 
(Table 6.16). 
Molluscan cover peaked at shallower depths in the southern region of the study area 
(Fig. A.43), where the interaction of depth and transect had the greatest association with 
the distribution of mollusc coverage (Tables A.14-15). Changes in actiniarian 
distribution were most significant over the north to south gradient, with cover 
decreasing towards the deeper stations in the south (Tables A.17-18, Fig. A.44). Tukey's 
tests highlighted actiniarian cover at station A70 as significantly different from most 
other sampling stations (Table A.19). The distribution of crustacean fauna was 
associated with changes in transect position and with the interaction of depth and 
transect (Tables A.20-21). The highest crustacean coverage occurred at shallowed 
depths to the south (Fig. A.45) and, subsequently, Tukey' s tests highlighted station E80 
as containing significantly different crustacean cover from the rest of the study region 
(Table A.22). There was no significant factor affecting the variation in the distribution 
of polychaetes (Table A.23). The interaction term depth*transect had the greatest 
association with the distribution of symbiotic Bryozoa, especially over the region 
between transects B to D (Tables A.24-25). Symbiotic bryozoan coverage decreased as 
depth increased, and peaked along transect D (Fig. A.46). Both transect and the 
interaction of depth and transect were significantly associated with the distribution of 
teleost fishes (Tables A.27-28). A large peak in teleost coverage occurred in the region 
of station A80 and was reflected in the significant difference determined between 
transect A and C for teleost cover (Table A.28, Fig. A.47). This was probably due to the 
presence of Parapercis colias, while a smaller peak occurred in the region of D100 and 
was possibly the result of increased triplefin coverage (Fig. A.47). 
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Table 6.8 Analysis of variance for Log10(Porifera) using Adjusted SS for tests with factors of depth, 
transect and the interaction term depth*transect as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 23.58 22.65 7.55 102.58 <0.001 
Transect 4 3.38 4.04 1.01 13.72 <0.001 
Depth *Transect 12 10.76 10.76 0.90 12.18 <0.001 
Error 459 33.78 33.78 0.07 
Total 478 71.49 
s = 0.271292 r2 = 52.75% 
Table 6.9 Regression analysis for Logw(Porifera) using Adjusted SS for tests with factors of depth, 
dummy variables (DV) for transect (DV(A), DV(B), DV(D), DV(E)), and the interaction terms 
depth*DV(A), depth*DV(B), depth*DV(D), depth*DV(E) as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 23.58 5.71 1.90 25.86 <0.001 
DV(A) 1 0.30 2.36 2.36 32.05 <0.001 
DV(B) 1 0.19 1.74 1.74 23.58 <0.001 
DV(D) 1 0.35 2.00 2.00 27.21 <0.001 
DV(E) 1 2.54 3.14 3.14 42.68 <0.001 
Depth*DV(A) 3 3.22 0.47 0.16 2.15 0.094 
Depth*DV(B) 3 0.81 3.59 1.20 16.25 <0.001 
Depth*DV(D) 3 4.24 5.53 1.84 25.03 <0.001 
Depth*DV(E) 3 2.48 2.48 0.83 11.25 <0.001 
Error 459 33.78 33.78 0.07 
Total 478 71.49 
s = 0.271292 r2 = 52.75% 
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Figure 6 .11 Interaction plot for changes in Poriferan coverage over depth and transect. 
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Table 6.10 Tukey's multiple comparison tests for differences in Poriferan cover between sampling stations. The upper figure is the upper confidence limit and the 
lower figure is the lower confidence limit. Significant comparisons (stations not significantly different) are shaded. 
Station A70 ABO A90 AlOO B70 B80 B90 BlOO C70 C80 C90 ClOO 070 080 090 0100 E70 EBO E90 
ABO 0.862 
0.238 
A90 0.685 0.127 
0.061 -0.481 . , 
AlOO l~ -0.214 -0.037 -0.777 -0.600 
B70 0.732 0.206 0.206 -0.138 
0.158 -0.349 c0.349 -0.643 
B80 0.859 0.3 .082 -0.261 0;376 
0.282 -0.2 .477 -0.771 -0.125 
B90 ~e! -0.208 -0.031 o.2M 11 -0.132 -0.255 -0.770 -0.594 -0.26'3 -0.637 -0.764 
BlOO 0.384 -0.174 0.003 0.298 -0.097 -0.220 0.292 
,.:().221 -0.762 -0.585 -0.243 -0.629 -0.757 -0.249 
C70 0.631 0.504 0.327 -0.015 ('J.150 0.499'' -0.009 0.025 
0.037 :o.@ :249 -0.544 -'· -0.371 J0low1 -0.538 :f ~0530 • 
C80 1.076 0.51 -0.131 -0.474 0.593 0'.470 -0.468 -0.433 0.716 
0.495 -0.046 -0.694 -0.988 0.088 -0.040 -0.981 -0.974 0.187 
C90 0.952 0.394 .... 0.570 -0.331 0.471 0.347 0.859 -0.290 0.593 0.135 
0.353 -0.188,.,, •0.012 -0.865 -0.056 -0.183 0.324 -0.851 0.044 -0.400 
ClOO lE -0.134 IITT, 0.043 0.3~9 -0.056 -0.179 0.332 0.324 0.0§6 -0.392 -0.250 -0.728 im, .. o.551 -0;209 -0.595 -0.723 -0.215 ·0.249 -0.496 -0.940 -0.817 
070 0.892 0.234 m i, 0.057 -0.286 0.410 0.228 -0.280 -0.245 0.532 0.445 0.322 -0.205 
0.307 -0.333 • -0.510 -0.805 -0.100 -0.286 -0.798 -0.791 -0.001 -0.074 -0.217 -0.757 
080 0.860 0.301 • • 0.099 -0.244 0.378 0.254 -0.237 -0.203 ~~0:365 -0.162 b.0.229 
0.265 -0.27~1: il\,-0.4'78 -0.773 .Q.143 ~0.270 -0.766 -0.758 -v, -0,185 -0.724 ,1:;+.0.304 
090 . e.267 -0.291 -0.114 0.38Jik, -0.213 -0.336 0.175 0.421 -0.091 -0.549 -0.407 0.461 -0.361 -0.319 
-0.357 -0.899 -0.722 -0.182 •. -0.768 -0.895 -0.387 -0.167 -0.668 -1.112 -0.989 -0.133 -0.929 -0.896 
0100 ,, .. 0.261 -0.298 -0.121 0.175 -0.219 -0.343 0.169 0.160 -0.098 -0.556 -0.413 0.126 -0.368 -0.326 0.298 
7 -0.898 -0.721 -0.380 -0.766 -0.894 -0.386 -0.420 -0.667 -1.111 -0.988 -0.460 -0.927 -0.895 -0.303 .. 
E70 0.597 'lb0,f121 ~l!i'~ 0.056 0.592 0.084 0.119 1rn~J~1°';I 0.809 0.686 0.159 .r -0.092 0.593 1fip.002 -0.004 ~Q.444 0 f,0 056 0.021 -0.156 ' • -0.464 0.067 t ·0.437 0.280 0.137 -0,403 -0.626 0.050 ..:0.574 -0.573 
E80 0.945 0.38571\'. -0.033 -0.378 0.459 0.3~6 -0.372 -0.336 0.583 0.123 0.231 -0.295 0.312 0.3551ft -0.452 -0.458 0.676 
0.397 -0.144'" -0.562 -0.854 -0.008 -0.135 -0.848 -0.841 0.090 -0.353 -0.268 -0.808 ·0.170 -0.138 -0.980 -0.979 0.184 
E90 :i).288 -0.269 -0.092 0.4~ -0.188 -0.312 0.200 0.462 -0.067 -0.525 -0.383 0.502 -0.337 -0.296 0.326 0.338 0.026 -0.425 
IF 
-0.939 -0.762 • -0.810 -0.937 -0.430", £·0.190 -0.709 -1.154 -1.030 -0.155 -0.970 -0.937 ·0.344 -0,325 -0.616 -1.024 ElOO -0.262 -0.085 -0.180 -0.304 0.208 9 iJ(0.198 -0.060 -0.517 -0.376 0.163 -0.329 -0.288 0.334 0.333 '"' 0.034 -0.417 0.370 404 -0.946 -0.770 -0.431 -0.818 -0.945 -0.438 -0.470 -0.717 -1.162 -1 .038 -0.510 -0.978 -0.945 -0.351 ..:o.345 -0.624 -1.033 -0.370 · 
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Table 6.11 Analysis of variance for Log10(Echinodermata) using Adjusted SS for tests with factors of 
depth, transect and the interaction term depth*transect as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 8.61 7.36 2.45 42.62 <0.001 
Transect 4 2.42 3.05 0.76 13.26 <0.001 
Depth *Transect 12 8.31 8.31 0.69 12.03 <0.001 
Error 459 26.41 26.41 0.06 
Total 478 45.74 
s = 0.239859 r2 = 42.27% 
Table 6.12 Regression analysis for Log10(Echinodermata) using Adjusted SS for tests with factors of 
depth, dummy variables (DV) for transect (DV(A), D V(B), DV(D), DV(E)), and the interaction terms 
depth*DV(A), depth*DV(B), depth*DV(D), depth*DV(E) as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 8.61 4.29 1.43 24.86 <0.001 
DV(A) 1 1.73 2.04 2.04 35.40 <0.001 
DV(B) 1 0.24 0.00 0.00 0.00 0.986 
DV(D) 1 0.01 0.30 0.30 5.19 0.023 
DV(E) 1 0.44 0.84 0.84 14.56 <0.001 
Depth*DV(A) 3 1.55 1.32 0.44 7.64 <0.001 
Depth*DV(B) 3 0.59 2.05 0.68 11.89 <0.001 
Depth*DV(D) 3 3.40 4.59 1.53 26.59 <0.001 
Depth*DV(E) 3 2.77 2.77 0.92 16.03 <0.001 
Error 459 26.41 26.41 0.06 
Total 478 45.74 
s = 0.239859 r2 = 42.27% 
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Figure 6.12 Interaction plot for changes in Echinoderm coverage over depth and transect. 
136 
Table 6.13 Tukey's multiple comparison tests for differences in Echinoderm cover between sampling stations. The upper figure is the upper confidence limit and the 
lower figure is the lower confidence limit. Significant comparisons (stations not significantly different) are shaded. 
Station A70 ABO A90 AlOO B70 BBO B90 B100 C70 CBO C90 ClOO D70 DBO D90 D100 E70 EBO E90 
ABO 0.475 
-0.078 
A90 0.382 0.176 
· 0.170 -0.361 
AlOO 0.262 0.056 0.148 
·0.251 -0.442 II -0.349 
B70 0.778 -0.173 -0.173 -0.296 
0.271 -0.664 -0.664 -0.742 
B80 0.557 0.351 0.051 -0.072 -0.001 
0.047 -0.143 1 -0.443 -0.522 -0.443 
B90 0.533 0.327 0.419 -0.044 -0.025 0.199 
0.020 -0.171 -0.078 -0.498 -0.471 -0.251 
B100 0.321 0.115 0.208 0.288 -0.235 -0.011 0.017 
-0.214 -0.404 -0.312 -0.191 -0.706 -0.486 -0.462 
C70 0.524 0.192 0.099 -0.022 -0.033 0.272 0.249 0.038 
-0.001 -0.318 -0.411 -0.490 -0.493 -0.191 -0.219 .-0.453 
cso 0.578 0.372 0.033 -0.089 0.020 0.244 0.182 -0.029 0.294 
0.065 -0.126 -0.464 -0.543 -0.426 -0.206 -0.272 -0.507 -0.174 
C90 0.831 0.625 0.717 -0.324 0.275 0.499 0.526 -0.264 0.547 0.481 
0.301 0.111 0.203 -0.797 -0.191 0.030 0.053 -0.760 0.062 0.008 
ClOO 0.280 0.074 0.166 0.246 -0.276 -0.052 -0.025 0.209 -0.004 -0.070 -0.306 
-0.260 -0.451 •0.359 -0.238 -0.753 -0.533 -0.509 -0.298 -0.500 -0.554 -0.807 
D70 0.828 -0.120 -0.213 -0.335 0.271 -0.040 -0.064 -0.275 0.544 -0.019 0.235 -0.316 
0.311 -0.622 -0.714 -0.793 -0.180 -0.495 -0.522 -0.757 0.072 -0.477 -0.242 -0.804 
D80 0.583 0.377 0.041 -0.081 0.026 0.250 0.190 -0.021 0.299 0.233 0.489 -0.062 -0.013 
0.058 -0.133 -0.469 -0.549 -0.434 -0.214 -0.278 -0.512 -0.182 -0.235 0.003 -0.559 -0.485 
D90 0.277 0.071 0.163 0.254 -0.278 -0.055 -0.027 0.313 -0.006 -0.072 -0.308 0.272 -0.318 -0.065 
-0.275 -0.467 -0.374 -0.244 -0.769 -0.549 -0.525 -0.207 -0.516 -0.570 -0.823 -0.253 -0.820 -0.575 
D100 0.224 0.018 0.111 0.191 -0.331 -0.107 -0.080 0.154 -0.059 -0.125 -0.361 0.201 -0.371 -0.117 0.216 
, 0.322 -0.513 , -0.420 -0.299 -0.815 -0.594 -0.570 -0.359 -0.562 -0.615 -0.869 -0.318 -0.865 -0.620 -0.315 
E70 0.495 0.22t;, i;, 0.129 0.007 -0.062 0 .302 0,278 ',; w 0.067 0.211 0.323 0.577 0.026 -0.102 0.329 0.024 -0.029 
-0.031 -0.288, -'0.381 -0.460 -0.522 ~0.162 -0.189 -0.424 -0.270 • -0.144 0.091 -0.471 -0.573 -0.152 -0.486 -0.532 
EBO 0.658 0.451 -0.076 -0.200 r 0.098 0.322 0.071 ' -0.138 0.371 0.305 0.3'71 -0.179 0.059 0.313 -0.181 -0.234 0.401 
0.173 ·0.017 -0.543 -0.621 -0.315 -0.095 -0.350 -0.585 -0.064 -0.117 -0.070 -0.632 -0.367 -0.123 -0.649 -0.694 -0.034 
E90 0.286 0.080 0.173 0.301 -0.266 -0.043 -0.015 0.359 0.005 -0.061 -0.298 0.317 -0.307 -0.054 0.278 0.262 0.035 -0.168 
t 0.320 -0.512<· --0.419 -0.256 -0.817 -0.596 -0.572 ·0.217 -0.563 -0.617 -0.869 -0.264 -0.867 -0.621 ·0.314 -0.325 -0.533 -0.697 
ElOO 0.276 0.071 .,, CH64 0.247 -0.275 -0.052 -0.024 0.208 -0.004 -0.069 -0.307 0.255 -0.316 -0.063 0.269 0.316 0.026 -0.176 0.312 
., 0.342 -0.534 ~0.442 -0.324 -0.839 -0.619 -0.595 i, -0.382 -0.585 -0.640 -0.892 -0.340 -0.889 -0.644 -0.336 -0.284 sQ.556 -0.721 -0.343 
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Table 6.14 Analysis of variance for Log10(Ascidiacea) using Adjusted SSfor tests with factors of depth, 
transect and the interaction term depth*transect as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 0.21 0.27 0.09 6.21 <0.001 
Transect 4 0.35 0.37 0.09 6.50 <0.001 
Depth *Transect 12 1.30 1.30 0.11 7.61 <0.001 
Error 459 6.53 6.53 0.01 
Total 478 8.39 
s = 0.119305 r2 = 22.15% 
Table 6.15 Regression analysis for Log1o(Ascidiacea) using Adjusted SS for tests with factors of depth, 
dummy variables (DV) for transect (DV(A), DV(B), DV(D), DV(E)), and the interaction terms 
depth*DV(A), depth*DV(B), depth*DV(D), depth*DV(E) as sources of variation. 
Source of variation df ss Adjusted SS Adjusted MS F p 
Depth 3 0.21 0.31 0.10 7.29 <0.001 
DV(A) 1 0.04 0.00 0.00 0.20 0.654 
DV(B) 1 0.11 0.02 0.02 1.21 0.273 
DV(D) 1 0.07 0.00 0.00 0.14 0.705 
DV(E) 1 0.13 0.19 0.19 13.22 <0.001 
Depth*DV(A) 3 0.67 0.44 0.15 10.32 <0.001 
Depth*DV(B) 3 0.25 0.35 0.12 8.29 <0.001 
Depth*DV(D) 3 0.20 0.14 0.05 3.25 0.022 
Depth*DV(E) 3 0.17 0.17 0.06 3.99 0.008 
Error 459 6.53 6.53 0.01 
Total 478 8.39 
s = 0.119305 r2 = 22.15% 
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Figure 6.13 Interaction plot for changes in Ascidiacean coverage over depth and transect. 
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Table 6.16 Tukey's multiple comparison tests for differences in Ascidiacean cover between sampling stations. The upper figure is the upper confidence limit and the 
lower figure is the lower confidence limit. Significant comparisons (stations not significantly different) are shaded. 

























ESQ 0.107 . 0,154 · 
-0.223 ~0.159 -0.107 -0.154 -0.122 -0.062 
E90 -0.085 -0.019 0.041 0.204 -0.039 0.240 
-0.340 -0.204 0.029 -0.359 -0.294 -0.241 -0.225 -0.295 -0.085 -0.318 -0.052 
ElOO -0.066 Q,D70 -0.049 -0.105 -0.039 0.021 . 0.03} . -0.031 0.064 -0.060 0.031 O.J.39 
-0.367 -0.231 -0.333 -0.386 -0.322 · -0.268 -0.253 -0.322 -0.232 -0.345 -0.267 -0.187 
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6.4 Associations Between Epibenthic Fauna 
Pearson's correlation coefficient (also called the Product-moment correlation coefficient) 
was used to investigate possible relationships between the distributions of epibenthic 
taxa on the Otago mid-shelf (see Table 6.17 for correlation matrix). Significant 
relationships are illustrated as scatter plots (Figs. 6.14a-k). Although this analysis does 
not confirm a direct relationship between taxa, significant correlations do highlight 
pairs of taxa that have comparable fluctuations in abundance and similar distribution 
patterns throughout the study area. 
Poriferans and echinoderms had the strongest relationship of the epibenthic taxa, with a 
moderate positive correlation of r = 0.420, P-value <0.001 (Fig. 6.14a). The distribution 
of poriferan and echinoderm organisms had a small and moderate significant positive 
correlated with the distribution of ascidian cover, respectively (Figs. 6.14b, d). Other 
taxa were only slightly correlated with other members of the epibenthic assemblage. 
The distribution of molluscs had small to moderate, positive correlations with ascidians, 
crustaceans, poriferans, and symbiotic bryozoans (Fig. 6.14f, h, c, i). The distributions of 
ascidians and symbiotic bryozoans were also slightly to moderately positively 
correlated (Fig. 6.14g). Very weak correlations occurred with the coverage of the non-
paguridean Crustacea and the distribution of symbiotic bryozoans and actiniarians (Fig. 
6.14k, j). Distribution patterns of all other epibenthic taxa were not significantly 
correlated (Table 6.17). 
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Table 6.17 Pearson's correlation matrix between epibenthic taxa. The upper value is r, and the lower number is the P-value. Significant correlations are shaded. 




Ascidiacea 0.278** 0.324** 
<0.001 <0.001 
Mollusca 0.161** 0.063 0.176** 
<0.001 0.154 <0.001 
Actiniaria 0.077 0.010 0.082 0.032 
0.082 0.830 0.066 0.468 
Crustacea 0.057 0.036 -0.032 0.092* 
0.202 0.417 0.467 0.038 
Polychaeta 0.028 0.075 0.011 0.050 -0.011 0.007 
0.523 0.091 0.812 0.260 0.805 0.873 
Symbiotic Bryozoa 0.069 0.101* 0.128* 0.120* 0.065 0.096* 0.019 
0.124 0.023 0.004 0.007 0.144 0.032 0.662 
Teleostei -0.002 -0.035 -0.037 0.041 0.071 -0.025 -0.014 0.076 
0.972 0.432 0.405 0.353 0.110 0.576 0.746 0.088 
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Figure 6. 14 Scatterplots illustrating the relationships between Porifera and ( a) Echinodermata, (b) 
Ascidiacea, and (c) Mollusca; between Echinodermata and (d) Ascidiacea, and (e) symbiotic Bryozoa; and 






~ 0.6 0.6 
N 
0 co DD ~ Q) D co D u ru 
.!::! 0.4 D tn 0.4 ..... ::J 0 L.. 











~ 0.6 0.6 
N 
0 co 
~ Q) D co D u ru i5 0.4 D D tn 0.4 D 


























0 0.2 0.4 0.6 0.8 
Crustacea 
Figure 6 .14 continued. Scatterplots illustrating the relationships between (g) Ascidiacea and symbiotic 
Bryozoa; Mollusca and (h) Crustacea, and (i) symbiotic Bryozoa; U) Actiniaria and Crustacea; and (k) 
non-paguridean Crustacea and symbiotic Bryozoa. Both axes are relative cover values(%). 
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6.5 Summary 
Forty-one epibenthic species or higher taxa were identified from the photographic 
samples, including members of Anthozoa, Ascidiacea, Bryozoa, Crustacea, 
Echinodermata, Mollusca, Porifera, Polychaeta and Teleostei. The poriferans, 
echinoderms and ascidians were the most abundant groups. Epibenthic fauna covered 
an average area of 3.6% and to a maximum of 27.5% per sample for the study region. 
Epifauna were recorded at all stations sampled and coverage peaked at 80-90 m on the 
central transects B-D. ANOV A showed that the factors of depth and transect and the 
interaction term of depth*transect were significant influences on the distribution of total 
epibenthos, with depth determined as the greatest source of variation. Depth had the 
strongest association with changes in poriferan, echinoderm and molluscan 
distribution, while transect had the strongest association with changes in the 
distribution of actiniarians, crustaceans and teleosts. The interaction term depth*transect 
was the most significant influence on the distribution of ascidiaceans and symbiotic 
bryozoans. Poriferans and echinoderms had the strongest relationship of the epibenthic 
taxa. Other significant relationships included poriferans positively correlated with 
ascidians and molluscs, echinoderms positively correlated with ascidians, and molluscs 
positively correlated with ascidians and crustaceans. These results are included in the 
discussion of Chapter Eight. 
The Biodiversity of the Otago Bryozoan Thickets 
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Chapter Seven 
This chapter examines patterns of abundance, species richness and diversity for the 
entire epibenthic community (including frame-building bryozoans and epibenthic taxa) 
and a multivariate analysis of faunal assemblages within the bryozoan thickets is 
conducted. This chapter also includes an investigation of the possible relationships 
between frame-building bryozoans and other epibenthic fauna within the study area. 
7.1 Community Analysis 
Abundance, Species Richness and Diversity 
A total of forty-nine taxa were identified from photographs of the Otago bryozoan 
thickets. A summary of average epifaunal abundance (as percent coverage), species 
richness (the number of species per sample) and biological diversity (inverse Berger-
Parker Dominance and Shannon-Wiener indices) for sample stations is presented in 
Table 7.1 and graphically depicted in Figs. 7.la-d. Average epifaunal abundance 
ranged from 0.19 to 31.86% coverage per sample (Table 7.1). Throughout the area, high 
epifaunal coverage was concentrated along 70 to 90 m isobaths in the centre (transects 
B-D) of the study area, with lower coverage at the edges of the study area (Fig. 7.1a). 
Maximum epifaunal coverage occurred at 80-90 m along transect C. The 100 m isobath 
generally has the lowest epifaunal coverage. Average species richness ranged from 1 to 
10 taxa per sample, and station D70 had the greatest number of species, with an average 
of 10 taxa per sample (Table 7.1). Overall, species richness was higher along transects B 
and D and lower at the centre and edges of the study area (Fig. 7.lb). The Shannon-
Wiener and Berger-Parker diversity indices showed similar patterns of species diversity 
throughout the study area (Figs. 7.1c, d), with greater diversity occurring along 
transects B, D and E. Overall, two patches of elevated species diversity occurred either 
side of the central transect, with increases in biodiversity tending towards the deeper 
stations in the north and towards the shallower stations in the south (Fig. 7.lc, d). The 
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centre and edges of the study area generally had lower species diversity than other 
regions, with lowest species diversity at stations ElOO, E90, C60 and CllO (Table 7.1). 
Table 7.1 Summary of mean and standard error for total epifaunal cover, species richness and diversity 
(Berger-Parker Dominance and Shannon-Wiener indices) for each station. 
Epifaunal coverage Species Richness Berger-Parker Shannon-Wiener 
Station 
(%) (S) Dominance (1/d) (H') 
n Mean Mean Mean Mean 
S.E. S.E. S.E. S.E. 
A70 18 1.67 0.35 3.67 0.48 1.78 0.16 0.91 0.11 
ASO 20 21.69 3.73 9.05 0.47 1.86 0.14 1.28 0.08 
A90 20 10.17 2.64 5.70 0.64 2.11 0.23 1.13 0.09 
AlOO 28 6.09 1.94 5.96 0.67 2.24 0.21 1.26 0.12 
B70 30 28.84 4.84 8.53 0.73 1.80 0.11 1.22 0.09 
BSO 29 19.79 3.37 8.93 0.62 1.90 0.15 1.24 0.06 
B90 28 4.09 1.10 7.11 0.74 2.34 0.23 1.34 0.12 
BlOO 23 3.66 0.79 5.26 0.64 1.76 0.10 1.08 0.09 
C60 8 1.14 0.28 1.25 0.17 1.19 0.06 0.25 0.08 
C70 25 15.46 4.20 4.72 0.42 1.71 0.15 0.90 0.09 
cso 28 31.72 3.43 6.71 0.40 1.68 0.08 1.04 0.06 
C90 24 31.86 3.04 7.00 0.36 1.81 0.11 1.15 0.07 
ClOO 22 4.85 0.70 5.18 0.40 2.10 0.20 1.15 0.09 
CllO 18 0.69 0.15 2.06 0.37 1.72 0.16 0.73 0.11 
D70 27 26.59 3.42 10.15 0.63 2.04 0.16 1.42 0.07 
DSO 25 17.80 2.52 8.68 0.63 2.08 0.20 1.32 0.09 
D90 20 2.32 0.45 4.20 0.32 1.89 0.10 1.09 0.07 
DlOO 21 2.05 0.24 3.86 0.34 1.65 0.13 0.87 0.09 
E70 25 3.75 0.61 6.36 0.48 2.04 0.13 1.23 0.08 
ESO 39 23.25 2.75 9.13 0.49 2.10 0.11 1.42 0.07 
E90 14 0.43 0.22 1.71 0.27 1.39 0.08 0.45 0.08 
ElOO 13 0.19 0.10 0.62 0.23 1.13 0.07 0.20 0.10 
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Figure 7.1 Contour plots of (a) average epifaunal cover(%), (b) species richness, and (c-d) diversity for 
the epifauna community of the Otago bryozoan thickets. Note that the inverse of the Berger-Parker 
Dominance index (lid) is presented. Co-ordinates are given for each corner of the plot and red dots are 
the position of sampling stations. Scales are percentage cover(%). 
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The Assemblages of the Otago Bryozoan Thickets 
Non-metric multidimensional scaling (nMDS) and cluster analyses were conducted to 
establish patterns of faunal similarity ( or dissimilarity) within the epibenthic thickets. 
Firstly, the similarity between sample stations was calculated for all epibenthos data 
using the Bray-Curtis coefficient (Bray and Curtis, 1957). Average species percent 
coverage data for each station were transformed using a square root transformation for 
multivariate analyses. This transformation was conducted to reduce the influence of 
very abundant organisms, such as Cinctipora elegans and covering sponges, therefore 
allowing the presence and abundance of less dominant epifauna to explain the fine-
scale distribution of epifauna within the study area. 
The resulting cluster dendogram and nMDS plot are presented in Figures 7.2 and 7.3, 
respectively. The stress value of the nMDS plot gives a measurement of goodness-of-fit 
for the ordination. A low stress value ( <0.2) indicates a good ordination with no real 
prospect for a misleading interpretation (Clarke, 1993). Thus, a stress value of 0.1 
indicates that the resulting ordination is a good depiction of the sampling stations 
within multivariate space (Fig. 7.3). 
Two groups of sample stations containing similar epibenthic communities (with 
similarities of more than 35%) were highlighted by both cluster (Fig. 7.2) and nMDS 
analysis (Fig. 7.3). Stations from group 1 were centred at the core of the thicket 
community and included all stations positioned along 70, 80 and 90 m isobaths, with 
the exception of stations A70 and D90. Stations from group 2 were primarily at the 
deepest region of the study area and included stations A70, D90, CllO and all stations 
along the 100 m isobath from transects A to D. Stations C60, E90 and ElOO did not 
contain fauna highly similar to any other stations and were, therefore, not incorporated 
into any similarity groupings. These stations were from the extremities of the study 
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Figure 7 .2 Cluster analysis of similarity between sampling stations. Groups 1 and 2 are indicated by 
brackets. 
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Figure 7.3 Non-metric multidimensional scaling plot of similarity between sampling stations, with station 
labels. Stress is 0.1. Symbols indicate: red = group 1, green = group 2, yellow = unassigned stations. 
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Figure 7.4 The spatial distribution of cluster groups determined by multivariate analysis. Symbols 
indicate: red= group 1, green = group 2, yellow = unassigned stations. 
A one-way Analysis of Similarities (ANOSIM) was used to test for significant 
differences (P<0.05) in faunal community structure between the cluster groups and 
Similarity of Percentages - Species Contributions (SIMPER) analysis was conducted to 
establish the taxa responsible for these differences. 
ANOSIM tested the null hypothesis, Ho of "no difference in epibenthic cover between 
groups", with R = 0 indicating no difference between groups (cannot reject Ho) and R = 
1 indicating that all stations within groups are more similar with each other than with 
stations from other groups (rejection of Ho). Global R was 0.896, and the histogram 
(Fig. 7.5) indicated that the highest possible R-value recalculated from 999 permutations 
was 0.60. Therefore, the null hypothesis was rejected at a significance level of 1 %, as 
there are differences between some groups. 
-0.30-0.25-0.20-0.15-0.10-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 
R 
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Figure 7.5 Histogram of R-value frequency for 999 permutations of analysis of similarities between 
groups. 
SIMPER analysis was conducted to identify the taxa primarily accounting for the faunal 
composition similarity within and dissimilarity between groups, as determined a 
posteriori by cluster (Fig. 7.2), nMDS (Fig. 7.3) and ANOSIM analyses. The taxa 
contributing to 90% of the similarity or dissimilarity are presented for each SIMPER 
analysis. 
The similarity within group 1 was moderately high, with an average similarity of 66.4% 
between stations (Table 7.2). Stations from group 1 were characterised primarily by a 
high abundance of the frame-building bryozoan Cinctipora elegans and covering sponges 
(Table 7.2). Other significant taxa for this group included the ophiuroids, 
Ophiopsammus maculata and Ophiocoma/Ophiopteris spp., solitary ascidians, upright 
sponges and another frame-building bryozoan Hornera robusta (Table 7.2). These are, 
therefore, the principal species indicative of the core of the epifaunal thickets, along the 
80 m isobath and in the central region of the study area ( e.g., Fig. 7.6). 
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Table 7.2 Similarity in faunal composition within group determined by SIMPER analysis. Average 
similarity is 66.44%. 
Species 
Average A vera~e similaritr Percent Cumulative 
abundance Mean SD contribution contribution 
Cinctipora elegans 11.02 17.02 2.02 25.62 25.62 
Covering sponge 3.42 11.37 4.88 17.12 42.73 
Ophiopsammus maculata 0.83 6.33 3.07 9.53 52.26 
Cnemidocarpa spp. 0.37 3.53 4.17 5.32 57.58 
Ophiocoma /Ophiopteris spp. 1.31 3.49 1.00 5.25 62.83 
Upright sponge 0.36 3.28 3.11 4.93 67.76 
Hornera robusta 0.68 3.22 1.46 4.85 72.60 
Maoricolpus roseus 0.31 2.77 1.78 4.16 76.77 
Didemnum spp. 0.11 2.05 3.07 3.09 79.86 
Adeonellopsis spp. 0.19 1.79 2.03 2.69 82.54 
Bunodactis chrysobathys 0.11 1.40 1.10 2.10 84.65 
Celleporina grandis 0.06 1.13 2.73 1.70 86.35 
Astraea heliotropium 0.05 1.12 1.32 1.68 88.03 
Hornera Joliacea 0.14 1.09 0.80 1.63 89.67 
Celleporaria agglutinans 0.12 0.97 0.79 1.45 91.12 
Figure 7.6 An example of the indicative faunal community for group 1, including Cinctipora elegans, 
covering sponges, Ophiopsammus macitlata and Cnemidocarpa spp. (Photograph C70 08/25) 
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The stations assigned to group 2 were not as tightly grouped as group 1, with an 
average similarity of 47.1 %. Group 2 was characterised primarily by small patches of 
the frame-building bryozoan Adeonellopsis spp., the encrusting ascidian Didemnum spp., 
covering sponge and Cinctipora elegans. Maoricolpus roseus and the two sea anemone 
species were also significant taxa for this group (Table 7.3). These taxa are indicative of 
the deeper extremities of the epifaunal thickets along the 100 m isobath, as well as the 
northernmost station A70 ( e.g., Fig. 7.7) .. 
Table 7.S Similarity in faunal composition within group 2 determined by SIMPER analysis. Average 
similarity is 47.14%. 
Species 
Average Average similarity Percent Cumulative 
abundance Mean SD contribution contribution 
Adeonellopsis spp. 0.90 10.37 1.91 22.00 22.00 
Didemnum spp. 0.19 6.52 2.92 13.83 35.83 
Covering sponge 0.31 5.49 1.82 11.64 47.47 
Cinctipora elegans 0.56 4.07 1.40 8.64 56.11 
Maoricolpus roseus 0.08 3.00 1.46 6.37 62.48 
Bunodactis chrysobathys 0.16 2.73 0.79 5.80 68.28 
Cnemidocarpa spp. 0.10 2.61 1.48 5.53 73.81 
Odontaster benhami 0.03 1.59 1.45 3.37 77.19 
Celleporina grandis 0.09 1.57 0.87 3.34 80.52 
Sclerasterias mollis 0.06 1.53 1.21 3.24 83.77 
Hornera robusta 0.09 1.51 0.86 3.20 86.96 
Cellaria immersa 0.03 1.03 0.88 2.18 89.14 
Goniocidaris spp. 0.03 0.95 0.60 2.02 91.16 
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Figure 7.7 An example of the indicative faunal community for group 2, including Adeonellopsis spp., and 
Didemnum spp. (Photograph D90 04/20) 
Dissimilarity between groups 1 and 2 was moderately high, with an average 
dissimilarity of 64.1 % (Table 7.4). The predominance of Cinctipora elegans, covering 
sponge and the ophiuroids, Ophiopsammus maculata and Ophiocoma/Ophiopterus spp. at 
group 1 stations primarily distinguished this group from group 2 (Table 7.4). Group 1 
also had higher abundances of Hornera robusta, upright sponge, Maoricolpus roseus 
shells, Hornera foliacea and Celleporaria agglutinans colonies. Higher abundances of 
Adeonellopsis spp., Bunodactis chrysobathys, Celleporina grandis, Hippomenella vellicata and 
Didemnum spp. at group 2 stations also contributed to the dissimilarity between groups 
1 and 2 (Table 7.4). 
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Table 7.4 Dissimilarity in faunal composition between groups I and 2 determined by SIMPER analysis. 
Average dissimilarity is 64.10%. 
Species 
Average abundance Average dissimilarity Percent Cumulative 
Groupl Group 2 Mean S.D. contribution contribution 
Cinctipora elegans 11.02 0.56 13.70 2.15 21.38 21.38 
Covering sponge 3.42 0.31 7.05 2.44 10.99 32.37 
Ophiopsammus maculata 0.83 0.03 4.80 2.38 7.49 39.86 
Ophiocoma/Ophiopteris spp. 1.31 0.00 4.63 1.42 7.23 47.09 
Adeonellopsis spp. 0.19 0.90 3.11 1.33 4.86 51.95 
Hornera robusta 0.68 0.09 2.98 1.65 4.65 56.60 
Upright sponge 0.36 0.01 2.80 2.20 4.36 60.96 
Cnemidocarpa spp. 0.37 0.10 1.95 1.69 3.05 64.01 
Maoricolpus roseus 0.31 0.08 1.67 1.46 2.61 66.62 
Hornera foliacea 0.14 0.03 1.49 1.20 2.32 68.95 
Celleporaria agglutinans 0.12 0.09 1.48 1.21 2.32 71.26 
Bunodactis chn;sobathys 0.11 0.16 1.44 1.17 2.25 73.51 
Cerianthus sp. 0.08 0.00 1.20 1.34 1.87 75.38 
Sclerasterias mollis 0.08 0.06 1.07 1.35 1.66 77.04 
Pentagonaster pulchellus 0.05 0.00 1.02 1.73 1.60 78.64 
Celleporina grandis 0.06 0.09 1.02 1.35 1.59 80.23 
Hippomenella vellicata 0.04 0.08 0.99 0.81 1.54 81.77 
Astraea heliotropium 0.05 0.03 0.93 1.22 1.46 83.22 
Didemnum spp. 0.11 0.19 0.84 1.31 1.31 84.53 
Goniocidaris spp. 0.00 0.03 0.73 1.08 1.14 85.67 
Cellaria immersa 0.03 0.03 0.65 1.40 1.01 86.68 
Odontaster benhami 0.02 0.03 0.64 1.33 1.00 87.68 
Stichopus mollis 0.01 0.02 0.60 0.78 0.94 88.62 
Hermit crab 0.02 0.01 0.59 1.03 0.92 89.54 
Argobuccinum tumidum 0.01 0.02 0.57 0.95 0.89 90.43 
7.2 Associations Between Frame-Building Bryozoans and Epibenthic Fauna 
Overall, frame-building bryozoans and other epibenthic fauna had comparable spatial 
distributions, as indicated by Figures 7.8 a and b. The comparison of contour plots from 
the previous two chapters (including Figures 5.10 and 6.9) is additional support that 
many taxa have similar patterns of fine-scale distribution throughout the study area. 
Subsequently, Pearson's correlation coefficient was used to investigate possible 
relationships between the distributions of frame-building bryozoans and other 
epibenthic fauna (see Table 7.5 for correlation matrix). Significant relationships are 
illustrated as scatter plots (Figs. 7.9a-w). Although this analysis does not confirm a 
direct relationship between species and faunal groups, significant correlations do 
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highlight pairs of taxa that have comparable fluctuations in abundance and patterns of 
distribution throughout the study area. 
The distribution of total frame-building bryozoans was highly positively correlated 
with that of total epibenthic fauna (r=0.724, P-value <0.001; Fig. 7.9a). In particular, the 
principal frame-building bryozoan species Cinctipora elegans was highly positively 
correlated with poriferans, the dominant epibenthic taxon (r=0.713, P-value <0.001; Fig 
7.9i). Moderately (r>0.3, P-value <0.001) correlated taxa included Cinctipora elegans 
correlated with echinoderms (Fig. 7.9j) and ascidians (Fig. 7.9k), and Hornera robusta 
correlated with poriferans (Fig. 7.9m), echinoderms (Fig. 7.9n) and ascidians (Fig. 7.9p). 
Moderate to weak correlations (r>0.1, P-value<0.001) between taxa included Hornera 
foliacea correlated with poriferans (Fig. 7.9r), echinoderms (Fig. 7.9s) and ascidians (Fig. 
7.9t), and Hippomenella vellicata correlated with ascidians (Fig. 7.9w). Overall, the 
strongest relationships between frame-building bryozoans and epibenthic fauna 
included relationships between Cinctipora elegans, Hornera robusta, Hornera foliacea, 
sponges, echinoderms and ascidians. 
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Figure 7.8 Contour plot of (a) total frame-building bryozoan and (b) total epibenthic faunal percent 
coverage throughout the study area. Co-ordinates are given for each comer of the plot and the red dots are 
the positions of sampling stations (see Fig. 7.4). Scales are percentage cover(%). 
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Table 7.5 Pearson's correlation matrix between all bryozoans and epibenthic taxa. The upper value is r, and the lower number is the P-value. Significant correlations 
are shaded. 
Category (n = 479) 
Total Adeonellopsis Celleporaria Hornera Celleporina Hippomenella Cellaria 
s lutinans andis vellicata immersa 
Total Epibenthos -0.103* 0.087 0.016 0.047 0.074 
. 0.020 0.051 0.715 0.288 0.098 
Porifera -0.133* 0.129* 0.007 0.041 0.076 
0.003 0.004 0.883 0.358 0.088 
Echinodermata -0.068 -0.006 -0.029 0.004 0.039 
0.125 0.895 0.522 0.922 0.386 
Ascidiacea 0.003 0.003 0:132* 0.039 
0.947 0.939 0.003 . 0.377 
Mollusca 0.121* 0.120* 0.045 -0.042 -0.012 0.080 0.060 0.026 0.036 
0.006 0.007 0.312 0.347 0.793 0.072 0.175 0.567 0.421 
Anthozoa 0.074 0.063 0.085 -0.003 0.109* 0.053 -0.012 -0.004 -0.032 
0.096 0.156 0.055 0.940 0.014 0.231 0.785 0.926 0.470 
Crustacea 0.034 0.030 0.043 0.053 -0.038 0.018 0.010 -0.036 -0.047 
0.452 0.499 0.338 0.235 0.397 0.686 0.819 0.422 0.287 
Polychaeta 0.016 0.015 0.066 -0.003 -0.029 -0.030 -0.025 -0.017 -0.014 
0.723 0.734 0.140 0.955 0.521 0.503 0.569 0.707 0.756 
Symbiotic Bryozoa 0.080 0.092* -0.012 -0.044 -0.002 0.001 -0.037 -0.026 -0.014 
0.071 0.039 0.783 0.319 0.970 0.983 0.409 0.561 0.754 
Teleostei -0.025 -0.016 -0.044 -0.026 -0.016 -0.021 -0.024 -0.011 -0.016 
0.581 0.714 0.324 0.568 0.712 0.631 0.585 0.801 0.720 
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Figure 7.9 Scatterplots illustrating the relationships between total frame-building Bryozoa and (a) total 
epibenthic fauna, (b) Porifera, (c) Echinodermata, (d) Ascidiacea and (e) Mollusca; and (f) Cinctipora 
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Figure 7 .9 continued. Scatterplots illustrating the relationships between total epibenthic fauna and (g) 
Hornera robusta, and (h) Hornera foliacea; and Cinctipora elegans and (i) Porifera, (j) Echinodermata, 
(k) Ascidiacea, and (1) Mollusca. Both axes are relative cover values(%). 
159 
(m) (n) 
18 <> 18 <> 
16 16 
14 14 <> <> <> 
<> ro 12 <> ro 12 ro 0 E <X> L. 10 ID 10 ~ 
"§ 8 "O 0 8 <> <> a.. -~ 
6 ..c 6 o<> u w 0 
4 4 0 
<> 
2 <> 2 
0 0 
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 




4 <> <> 14 
ro 0 12 
~3 <> ro L. 10 





0 1 2 3 4 5 6 7 0 2 4 6 8 10 




14 14 <> <> 0 <> ro 
12 ro 12 
ro <> E <> '- 10 ID 10 ~ 
0 "CJ "§ 8 <> <> g 8 





0 1 2 3 4 5 0 1 2 3 4 5 
Hornera foliacea Hornera foliacea 
Figure 7.9 continued. Scatterplots illustrating the relationships between Hornera robusta and (m) 
Porifera, (n) Echinodermata, and (p) Ascidiacea; (q) Adeonellopsis spp. and Porifera; and Hornera 
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7.3 Summary 
In summary, this chapter described patterns of abundance, species richness and 
diversity for the entire epibenthic community (including frame-building bryozoans and 
epibenthic taxa) and multivariate analysis determined faunal assemblages within the 
bryozoan thickets. Average epifaunal abundance ranged from 0.19 to 31.86% coverage 
per sample and high epifaunal coverage was concentrated along 70 to 90 m isobaths in 
the centre of the study area. Average species richness ranged from 1 to 10 taxa per 
sample, with species richness higher along transects B and D and lower at the centre 
and edges of the study area. Shannon-Wiener and Berger-Parker diversity indices 
showed similar patterns of species diversity throughout the study area, with two 
regions of elevated species diversity occuring to either side of the central transect. Non-
metric multidimensional scaling and cluster analyses established that there were two 
groups of sampling stations within the epibenthic thickets that contained distinct faunal 
assemblages. High abundances of Cinctipora elegans, covering sponges and ophiuroids 
distinguished group 1 stations and were indicative of the core of the epifaunal thickets 
along the 80 m isobath and in the central region of the study area. Group 2 stations 
were characterised by patches of Adeonellopsis spp., Didemnum spp., covering sponge 
and Cinctipora elegans, and primarily represented the deeper extremities of the epifaunal 
thickets. This chapter also investigated the possible relationships between frame-
building bryozoans and other epibenthic fauna within the bryozoan thickets. Overall, 
frame-building bryozoans and other epibenthic fauna had highly correlated spatial 
distributions. Significant positive relationship between frame-building bryozoans and 
epifaunal taxa included Cinctipora elegans, Hornera robusta and Hornera foliacea correlated 
with poriferans, echinoderms and ascidians, and Hippomenella vellicata correlated with 
ascidians. A discussion of these results follows in Chapter Eight. 
Discussion and Conclusions 




One of the principal aims of this study was to assess quantitatively the abundance and 
distribution of epifaunal megabenthos within the Otago bryozoan thickets. There have 
been several qualitative investigations of the fauna on the Otago continental shelf 
(Probert et al., 1979; Junge, 1998; Batson and Probert, 2000; Batson, 2000; Wood, 2005), 
recording high densities of bryozoan colonies in the mid-shelf region directly off the 
promontory of Otago Peninsula. Sampling in this area has typically involved the use of 
physical sampling gear (e.g., Agassiz trawl, beam trawl and box dredge), resulting in a 
basic understanding of species composition, abundance and distribution patterns of the 
faunal community on a large scale, i.e., at the scale of metres to kilometres (Probert et 
al., 1979; Batson, 2000). The intention was, therefore, for the present study to 
complement previous investigations with information provided by seafloor 
photographs taken in the region of greatest bryozoan coverage. 
Composition 
The spatial extent of eight frame-building bryozoan species on the Otago mid-shelf was 
determined using photographic samples. These species included Cinctipora elegans, 
Hornera robusta, Hornera foliacea, Adeonellopsis spp., Cellaria immersa, Celleporaria 
agglutinans, Celleporina grandis and Hippomenella vellicata. The erect, branching 
cyclostome Cinctipora elegans was the dominant frame-building bryozoan, covering up 
to half of the sample area within photographs (Tables 5.1, 5.3). Other abundant 
bryozoans included Hornera robusta and Adeonellopsis spp., which occurred more 
sporadically and were typically present as small patches (Table 5.3). Species such as 
Celleporaria agglutinans and Hippomenella vellicata were not as abundant (Table 5.3); 
however, they may also have influential roles as habitat providers within the Otago 
shelf environment, particularly as a result of their very large colony size ( e.g., Figs. 5.6 
163 
and 5.8). Cell.aria immersa was rarely present but may possibly provide some form of 
secondary habitat structure. 
A range of epibenthic organisms, in addition to frame-building bryozoans, have been 
recorded from the Otago continental shelf, particularly on the mid-shelf adjacent to 
Otago Peninsula (Probert et al., 1979). The photographic sampling technique trialled in 
this study was used to determine the area covered by the most conspicuous epifaunal 
organisms within the thickets. Representatives of several taxonomic groups were 
identified (Table 6.1), including encrusting sponges, grazing and carnivorous 
echinoderms, bivalve and gastropod molluscs, tunicates, conspicuous polychaetes, 
decapod crustaceans and fish. Most of the identified species or taxa have been 
previously observed in this region (Probert et al., 1979; Junge, 1998; Batson, 2000; 
Donald, 2001) (see Appendix Three for shelf fauna previously recorded in the vicinity of 
the study area). Only organisms larger than 1 cm in dimension could be clearly 
identified owing to the limited resolution of the images, thus the majority of these 
organisms were the larger, more prominent members of the shelf fauna. In comparison 
with the species described by Probert et al. (1979), those organisms not detected in the 
current study were generally smaller animals ( e.g., carideans, anomurans, 
brachyurans), burrowing organisms (e.g., bivalve molluscs) and the more cryptic 
species (e.g., polychaetes, some tunicates). 
The most abundant taxa of these epifaunal organisms were the poriferans and 
echinoderms (Table 6.2), in particular sponges covering bryozoan structures and 
ophiuroids inhabiting spaces beneath or atop of bryozoan colonies. Ascidians were also 
moderately abundant within the thickets (Table 6.2), especially the larger Cnemidocarpa 
spp., which was often observed in close association with bryozoan and sponge 
structures. Individual molluscs, anemones, crustaceans, polychaetes and tubicolous 
bryozoans were of irregular occurrence within the thicket region (Table 6.4). The 
photographic sampling technique also confirmed the presence of mobile species such as 
Parapercis colias (blue cod) within the vicinity of the bryozoan thickets (e.g., Fig. 6.7c). 
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Overall, there was a predominance of encrusting, filter-feeding organisms within the 
Otago shelf assemblage, with the four most predominant taxa known to utilise 
suspension-feeding mechanisms either exclusively ( e.g., bryozoans, sponges and 
ascidians; (Ruppert and Barnes, 1991)) or opportunistically (e.g., Ophiopteris; (Morton 
and Miller, 1968)). Suspension feeders such as ascidians and bivalves were also 
significant members of the thicket community. A range of deposit-feeding, grazing and 
predatory species were also observed in the study area. 
Similar faunal assemblages have been recorded in association with bryozoan-
dominated benthic habitats, including the bryozoan beds of Tasman Bay (Saxton, 1980; 
Bradstock and Gordon, 1983; Grange et al., 2003), Paterson Inlet and Foveaux Strait 
(Cranfield et al., 1999; Cranfield et al., 2001; Cranfield and Michael, 2002; Carbines and 
Jiang, 2002; Cranfield et al., 2003; Cranfield et al., 2004), and Spirits Bay (Taylor and 
Gordon, 2003). As a comparison, the fauna of Cinctipora-dominated epifaunal patch 
reefs in Foveaux Strait (Fleming, 1952; Cranfield et al., 1999; Cranfield et al., 2004) 
included bryozoans (Hippomenella vellicata, Disporella sp., catenicellid bryozoans, 
encrusting bryozoans), sponges, polychaetes, byssally-attached bivalves (mussels, 
Modiolus areolatus, Aulacomya maoriana, Barbatia novaezelandiae), browsing and 
carnivorous gastropods, crustaceans (hermit crabs), tunicates, echinoderms and 
anemones. A similar assemblage has also been described from Paterson Inlet, opening 
into southeastern Foveaux Strait (Willan, 1981). One of the most significant species of 
the Foveaux Strait epibenthos is the oyster, Ostrea chilensis (Fleming, 1952; Cranfield et 
al., 1999; Cranfield et al., 2003; Cranfield et al., 2004). Oysters, however, do not appear 
to occur in such significant densities on the Otago shelf. 
Another well-documented benthic assemblage occurring in association with large 
bryozoan colonies exists in Tasman Bay (Bradstock and Gordon, 1983; Grange et al., 
2003). Bradstock and Gordon (1983) recorded 92 species attached or associated with 
colonies of Celleporaria agglutinans and Hippomenella vellicata. These included encrusting 
bryozoans and serpulid tubeworms, as well as hydroids, sponges, simple and 
compound ascidians, bivalve and gastropod molluscs, decapod crustaceans and 
ophiuroids. In a more recent investigation of the Separation Point bryozoan bed, 
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Grange et al. (2003) described a silt/bryozoan habitat of primarily Celleporaria 
agglutinans colonies up to 40 cm in height occurring in association with brachiopod 
species, poriferans, hydroids, bivalves (including Atrina zelandica), gastropods 
(including the volute Alcithoe arabica), seastars and the brittlestar Ophiopsammus 
maculata. Located in northern New Zealand, the Spirits Bay bryozoan community also 
supports a similar assemblage of epifauna (Taylor and Gordon, 2003). 
The Otago bryozoan assemblage may also be compared to northern hemisphere cold-
water epifaunal reefs such as Lophelia pertusa and Oculina varicosa coral banks (Reed et 
al., 2005) and Primnoa-Paragorgia (gorgonian) forests (Mortensen and Buhl-Mortensen, 
2005). Such coral communities often provide important habitat, resulting in an 
enhanced faunal diversity typically consisting of suspension-feeders and other 
invertebrates such as seastars, crinoids, brittle stars, gastropods, nudibranchs, 
octopuses, crustaceans, sponges and anemones as well as supporting numerous adult 
and juvenile fish species (Bruckner, 2002; Etnoyer and Morgan, 2005). 
Distribution 
Described as a thicket, this Otago shelf community was suspected of having a patchy 
distribution at a scale finer than could be sampled using typical physical sampling gear 
(Batson, 2000); however quantitative data were lacking to test this hypothesis. With 
photographic sampling, this study confirmed the patchy fine-scale distribution of 
bryozoan colonies, which was reflected by the high variability in bryozoan and 
epifaunal coverage both within and between sampling stations (Tables 5.1-3, 6.-4, 7.1). 
The spatial distribution of large bryozoan colonies was visibly patchy even at the scale 
of individual photographs (Fig. 8.1). This spatial pattern is consistent with Batson' s 
(2000) description of the community as a 'thicket', and fits the literal description of a 
thicket as a 'dense growth of small shrubs' (Collins Concise Dictionary of the English 
Language). Such patchiness has been described for other epibenthic communities. For 
instance, the Foveaux Strait epifaunal community has been described as 'widespread on 
small patches of suitable substrate' (Fleming 1952 in Cranfield et al., 1999) and referred 
to as epifaunal patch reefs owing to the scattered nature of the biogenic structures 
(Cranfield et al., 1999; Cranfield et al., 2004). Other temperate epibenthic 
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communities have a tendency to be irregularly dispersed, such as the gorgonian forests 
in the Northeast Channel, Gulf of Maine, which are reported to be patchily distributed 
even in areas of highest abundance (Mortensen and Buhl-Mortensen, 2005). 
Figure 8.1 Example of the patchy distribution of bryozoan colonies throughout the study area. 
The main distribution of frame-building bryozoans occurred over a bathymetric range 
of 70-100 m on the continental shelf off Otago Peninsula (Table 5.3). Large bryozoan 
colonies were absent from transect C at 60 m and 110 m isobaths and, subsequently, 
these depths were not investigated on transects A, B, Dor E. This general distribution 
was similar to that described by Batson (2000) and Probert et al. (1979) (Fig. 8.2). The 
core of the bryozoan community occurred at depths of 80-90 m on the narrowest region 
of the shelf (transect C) (Fig. 5.9) . This was also consistent with Batson's (2000) analysis 
of high bryozoan abundance. From a peak in the centre of the region, significant 
bryozoan structures were primarily dispersed over the 80 m isobath to the northern and 
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Figure 8.2 A comparison of the main concentration of (a) frame-building bryozoans (from Batson 2000; shaded red), (b) benthic fauna {from Probert et al. 1979; red symbols), and (c) epibenthic megafauna (shaded red), including frame-
building bryozoans, as described in this study. 
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Associated epibenthic fauna occurred mainly over a bathymetric range of 60-100 m, 
with epibenthic organisms recorded at all sample stations (Table 6.3). This distribution 
is similar to that reported by Probert et al. (1979) (Fig 8.2). The highest density of 
benthic organisms occurred at 80-90 m depths at the three centremost transects B-D 
(Fig. 6.8). From this central region, epibenthic fauna were variously dispersed 
throughout most depths towards the northern and southern limits of the research area. 
Cinctipora elegans was the most abundant frame-building bryozoan, while Hornera 
robusta and Adeonellopsis spp. were the next most commonly occurring frame-building 
bryozoans throughout the Otago mid-shelf. The distribution of Cinctipora elegans and 
Hornera robusta reflected that of the overall frame-building bryozoans (Figs. 5.10a, b), 
while Adeonellopsis spp. was most abundant at deeper stations in the southern region of 
the research area (Fig. 5.10c). It was noted, however, that while most bryozoan species 
were typically present as clumps or 'bushy' colonies, Adeonellopsis spp. more often 
occurred as fragmented branches, suggesting that the distribution of this species may be 
the result of fragments being transported by water current movements to the 
extremities of the study area. Hornera foliacea, Celleporaria agglutinans and Celleporina 
grandis were similarly abundant, covering an average of 0.05-0.06% of the seafloor 
(Table 5.1). Although more sporadic in occurrence, Hornera foliacea had a similar 
distribution to Cinctipora elegans (Fig. 5.lOe). Celleporaria agglutinans was most abundant 
along the central transect at the deeper isobaths of the study area (Fig. 5.10d). 
Celleporina grandis had two main patches of cover to the north and south of the main 
core of bryozoan abundance (Fig. 5.10£). Hippomenella vellicata and Cellaria immersa were 
the least abundant of the frame-building bryozoans with highly irregular distribution 
patterns, even at the scale of sampling stations (Fig. 50.lOg, h). 
The other abundant epibenthic organisms were the sponges and echinoderms, all of 
which had comparable fine-scale distribution patterns to that of the main core of frame-
building bryozoans (Figs. 6.9a, b). Poriferans were the most abundant of these taxa, 
covering up to 17% of the sample area (Table 6.2). In most cases sponges grew as a 
secondary layer of the thicket and covered much of the available space on top of 
bryozoan colonies, chiefly Cinctipora elegans and Celleporaria agglutinans, as well as 
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encrusting shell fragments and live bivalves, particularly Atrina zelandica. Sponges also 
occasionally formed larger outgrowths that projected into the water column. The 
echinoderms included ophiuroids, asteroids, echinoids and holothuroids, and were co-
dominant with poriferans, also covering up to 17% of the photographs. Mobile 
echinoderms inhabited a range of positions within the thickets. For instance, 
Ophiopsammus maculata was typically situated on the bare sediment between colonies or 
directly on top of a colony, while Ophiocoma bollonsi/Ophiopteris antipodum sheltered 
beneath the edges of bryozoan colonies. Ascidians were also dispersed throughout the 
core of the thickets (Fig. 6.9c). Cnemidocarpa spp. tunicates occurred both on the bare 
sediment and embedded within bryozoan colonies, while the compound Didemnum sp. 
were visible on shell fragments and other available hard substrata. 
Bivalve and gastropod molluscs, mobile crustaceans (including some inhabiting 
mollusc shells and bryozoan tubes) and tubiculous bryozoans (inhabited by symbiotic 
hermit crabs) were primarily distributed at the edges of the densest thicket region, with 
peaks in abundance at the northern and southern reaches of the study area (Figs. 6.9d, f, 
g, h). Anthozoans encrusted hard substrata or burrowed into the sediment, and were 
most abundant along the northernmost transect (Fig. 6.9e). Fish were photographed 
predominantly in the vicinity of the northern transect A (Fig. 6.9i). 
Two groups of sampling stations were identified from multivariate analysis of faunal 
composition and abundance similarities (Figs. 7.2, 7.3; Tables 7.2, 7.3). The first 
grouping consisted of stations positioned within the core of the thicket region (Fig. 7.4). 
These stations were characterised by high abundances of the frame-building bryozoans 
Cinctipora elegans and Hornera robusta, as well as sponges, Ophiopsammus maculata, 
Ophiocoma/Ophiopteris spp., and Cnemidocarpa spp. (Table 7.2). Thus, the chief 
megabenthic taxa of the bryozoan thickets are sessile, filter-feeding colonisers and 
predatory mobile echinoderms. The second set of stations was not as tightly grouped 
as the first and generally included stations from the deeper margin of the study area. 
This group was characterised by smaller and more irregular patches of frame-building 
bryozoans (Cinctipora elegans and Adeonellopsis spp.) and sponges as well as the presence 
of Didemnum sp. and Bunodactis chrysobathys on gravel substrata, Cerianthus sp. 
170 
emerging from bare areas of sediment, and accumulations of Maoricolpus roseus shells 
around faunal clumps (Table 7.3). The deeper limits of the thicket, therefore, have a 
similar but less abundant fauna than the core of the thickets. Sessile organisms such as 
actiniarians and encrusting tunicates also utilise the settlement opportunities provided 
by heterogeneous gravelly substrates, which have not been otherwise covered by 
dominant colonisers such as Cinctipora elegans and sponges. 
Overall, the main core of the bryozoan thickets is situated along the 80 m isobath of the 
shelf and in the region between the Otago Peninsula and Saunders Canyon (Fig. 7.la). 
Species richness and diversity in this region, however, is not as high as other areas of 
the thicket community and, in fact, the highest species richness and diversity occurred 
at the 70-80 m sampling stations of transects B, D and E (Figs. 7.lb-d). This most likely 
results from the dominance of Cinctipora elegans and sponge coverage at the very centre 
of the thickets, a factor that can potentially limit the diversity of species capable of 
competition for space in this area (Whittaker 1972). 
Influences on Distribution 
The physical and biological requirements of marine organisms determine their 
presence, abundance and spatial distribution within a habitat. A variety· of physical 
factors (e.g., substratum type, water current, temperature and salinity parameters) and 
biological factors ( e.g., recruitment and food availability) as well as interactions with 
other organisms (e.g., competition and predator-prey relationships) are, therefore, 
significant determinants of faunal distribution patterns (Connell, 1970; Sebens, 1991; 
Schroeder et al., 2005), particularly for colonisation and growth of sessile species 
(Schroeder et al., 2005; Mortensen and Buhl-Mortensen, 2005). Such ecological 
conditions have been proposed as necessary or important for the development of 
bryozoan communities and several factors are applicable to the frame-building 
bryozoans of the Otago shelf. 
This study attempted to determine relationships between the fine-scale distribution of 
the bryozoan thicket community and the environmental variables of the region. 
Univariate statistical analyses (two-way analysis of variance (ANOV A), general linear 
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models (GLM) and Tukey's tests) were conducted to examine the association of two 
environmental factors, depth and transect (i.e., latitudinal gradient), with the fine-scale 
distribution patterns of Otago shelf epifauna. Depth referred to the depth of the water 
column at which each station was situated (70, 80, 90 and 100 m) and transect referred to 
the north-south distribution of the stations, determined by the position of the transects 
throughout the research area (A, B, C, D and E). These factors were used for statistical 
analysis because they may be indicative of or related to other environmental factors, 
such as changes in hydrological and sedimentological characteristics. Two-way 
analysis of variance, general linear models and Tukey's tests (Tables 5.4-5.12, 6.5-6.16; 
Appendix Five) established that water depth was the most significant factor in 
explaining the variability in frame-building bryozoan and epibenthic fauna! cover on 
the Otago shelf. Some benthic systems have been found to exhibit obvious changes in 
species abundance and community composition that correlate with changes in water 
depth. For example, Chiappone (2001) described a notable shift in dominant coral 
species and sponge cover as water depth changed for the coral reef communities of 
Naval Station Guantanamo, Cuba. The colonial growth forms of bryozoans have been 
frequently correlated with bathymetry and, subsequently, used as palaeoecological and 
palaeobathymetric interpretation tools (Moissette, 2000). Furthermore, previous 
investigations of the Otago bryozoan community have suggested that frame-building 
bryozoan distribution is aligned with the bathymetric contours of the continental shelf 
(Batson, 2000). Some bryozoan species (including Cinctipora elegans, Hippomenella 
vellicata and Celleporaria agglutinans), however, have extensive bathymetric ranges, from 
12-100+ m, indicating that depth is not necessarily a limiting factor for these taxa 
(Batson, 2000). The variability of frame-building bryozoan and epifaunal coverage was 
also significantly associated with the latitudinal distribution of sampling transects 
(Tables 5.4-5.12, 6.5-6.16; Appendix Five). The hypothesis has been proposed, however, 
that water depth and transect position, per se, do not influence bryozoan distribution, 
but rather that related factors such as water temperature, salinity and light intensity, 
and sedimentation patterns may be the direct influences on fauna! distribution (Dodd 
and Stanton, 1990; Batson, 2000; Taylor et al., 2004). The following sections outline the 
potential environmental and biological influences on the presence and spatial 
arrangement of epibenthic organisms within the bryozoan thickets. 
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Hydrological Characteristics 
Hydrological characteristics relate to variables such as water energy, substrate type, 
sedimentation rates and food supply, and can strongly influence epibenthic faunal 
abundance and distribution (Foubert et al., 2005; Bernecker and Weidlich, 2005). In the 
central region of the study area, the Southland Current is thought to be constricted 
between the promontory of the Otago Peninsula and the subantarctic water mass 
present on the seaward side, increasing the water velocity on this section of the shelf 
(Schofield, 1976). Strong currents such as these may facilitate settlement onto clean 
swept hard substrates, and increase food availability and capture, leading to improved 
growth rates and survivorship of biota (White et al., 2005; Etnoyer and Morgan, 2005). 
Consequently, the shelf in the vicinity of transect C may have lower deposition of 
particulate material, a greater proportion of hard gravel substrates and higher nutrient 
supplies, indicated by the higher coverage of frame-building bryozoans in this region. 
The higher abundance of sponges and ascidians in the centre of the study area may also 
be evidence of conditions that are conducive to the growth of encrusting suspension 
feeders. The energetic hydrodynamics of the Otago shelf environment are comparable 
to the physical conditions in which other bryozoan-dominated epibenthic patch reefs 
occur (Fleming, 1952; Willan, 1981; Bradstock and Gordon, 1983; Nelson and Hancock, 
1984; Nelson et al., 1988a; Gillespie and Nelson, 1996; Cranfield et al., 1999; Batson and 
Probert, 2000; Batson, 2000). 
Substratum 
The presence of a hard substratum has been attributed to the occurrence of reef 
communities such as Lophelia pertusa or gorgonian assemblages in temperate shelf 
conditions (White et al., 2005; Mortensen and Buhl-Mortensen, 2005) and has frequently 
been suggested as a determinant of bryozoan distribution (Nair, 1961; Schop£, 1969; 
Hayward and Ryland, 1978; Probert et al., 1979; Oarke and Lidgard, 2000; Batson, 2000; 
Taylor et al., 2004; Rowden et al., 2004). Sedimentary analyses of the Otago shelf have 
described the occurrence of predominantly gravel sediments, including sands and 
gravels of terrigenous and biogenic materials, within the study region (Andrews, 1973; 
Carter et al., 1985; Batson, 2000). The presence of coarse quartz pebbles within these 
sediments is of importance for epifaunal occupation at depths of 55-110 m, especially 
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pebbles greater than 10 mm in diameter as they are typically stable and less susceptible 
to sediment-transport influences (Andrews, 1973; Carter et al., 1985). These pebbly and 
gravelly substrata are, therefore, significant for the larval settlement of sessile benthic 
species such as bryozoans, sponges, the ascidians Cnemidocarpa spp. and Didemnum sp., 
the anthozoan Bunodacti.s chrysobathys and other unidentified 'encrustations'. The 
gravel-sized particles are also suitable for byssal attachment by bivalves such as Barbatia 
novaezelandiae (Powell, 1976). 
The heterogeneity of the substratum may also play a role in epifaunal abundance and 
diversity (Hayward and Ryland, 1978; Clarke and Lidgard, 2000; Batson and Probert, 
2000; Batson, 2000; Rowden et al., 2004). Incidences of elevated bryozoan diversity 
within the northern (Clarke and Lidgard, 2000) and northeastern (Hayward and 
Ryland, 1978) regions of the Atlantic Ocean have been attributed, in part, to the variety 
of physical substrata available for bryozoan larval settlement. Within New Zealand, 
two peaks of bryozoan diversity are known, in Foveaux Strait and on Three Kings 
Plateau (Rowden et al., 2004), and are associated with physically complex sediments 
such as 'bryomol', which is a composition of, inter alia, bryozoan, molluscan and 
coralline skeletal fragments (Taylor et al., 2004). In the Otago region, Batson (2000) 
described calcium carbonate rich mid-shelf sediments where CaC03 content was as 
much as 71 % of the sediment sample mass. Terrigenous gravels, composed mainly of 
quartz pebbles ( e.g., Fig. 8.3), occurred throughout the shelf and peaked over a depth 
range of 60-75 m, between Cape Saunders and Saunders Canyon (Batson, 2000). 
Molluscan fragments comprised the greatest component of biogenic gravel, particularly 
at 80-95 m depths, while bryozoan gravel was a predominant carbonate source at 
middle and deeper isobaths (Batson, 2000). Batson (2000), additionally, investigated 
seabed relief with the use of sidescan sonar, and found the texture of the Otago seafloor 
to be medium to high at 60-90 m depths. Thus, the increased abundance and diversity 
of epibenthic organisms between depths of 60 to 90 m may be influenced by the 
increased heterogeneity of the substratum in the area. Furthermore, the abundance of 
epifauna may diminish in the north in response to changing sediment types as the 
coarse, gravelly substrata grade into less complex facies of relict palimpsest/ sand and 
modern mud in the region adjacent to Taiaroa Head (Fig. 2.5). Sedimentary analyses of 
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Figure 8.3 Example of the substratum present throughout much of the study area, particularly in the 
vicinity of transects B-D. 
Figure 8 .4 Example of the substratum present in the southern region of the study area. 
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the Otago shelf have not, however, described a significant alteration in sedimentary 
characteristics to the south of the Otago Peninsula as the pebble gravel band is thought 
to extend continuously as far south as the Taieri River mouth (Andrews, 1973; Carter et 
al., 1985). Consequently, sedimentary changes may not explain the decrease in 
bryozoan abundance to the south of transect C. It should be noted, however, that a 
distinct change in the nature of the substratum was observed in the seafloor 
photographs of this study. Those samples taken along the southernmost transect (E) at 
90 and 100 m depths were notably lacking in coarse, heterogeneous gravels, and instead 
showed a substratum of rippled sands and small bryozoan (mainly Adeonellopsis spp.) 
fragments (Fig. 8.4). Overall, sedimentology alone does not appear to dictate the north-
south distribution of frame-building Bryozoa on the Otago shelf. 
Sedimentation 
High current speeds tend to retain fine sediments in suspension, creating an 
environment suitable for organisms that are otherwise susceptible to burial (Probert et 
al., 1979; Conway et al., 2005). For instance, White et al. (2005) reported that Lophelia 
pertusa required significantly high seabed currents to keep organic matter in suspension 
and prevent sediment from settling and smothering the growing corals, while 
sedimentation was one of the key factors attributed to patterns of coral abundance, 
growth and distribution on the reefs of Naval Station Guantanamo, Cuba (Rogers 1990 
in Chiappone et al., 2001). Chiappone et al. (2001) suggested that sedimentation affects 
the recruitment, growth, prevalence of disease and recovery of a population at the 
species level, while at the community level the incidence of sedimentation could affect 
the abundance, diversity and species composition of the assemblage. Consequently, the 
low rates of fine particle deposition on the Otago shelf, particularly at the centre of the 
study area, may have led to the predominance of taxa such as anemones, ascidians, 
sponges, polychaetes and bryozoans, which are typically intolerant of smothering by 
sediments (Airoldi, 2003). 
Nutritional Resources 
Food supply has an important influence on the distribution of sessile invertebrates at 
both large and small scales (Mortensen and Buhl-Mortensen, 2005) and is often 
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associated with physical oceanographic conditions such as coastal upwelling (Stanton, 
1973; Bradford et al., 1991; Huston, 1994; Smith, 1995; Rosenzweig, 1995; Hageman et 
al., 1995; Clarke and Lidgard, 2000), longshore currents (Probert et al., 1979; Hageman 
et al., 1995), and tidal mixing (Stanton, 1973; Bradford et al., 1991). Many deep-water 
corals, for instance, exist in habitats with strong currents where sessile, filter-feeding 
organisms rely on near-bottom currents for nutrient supply (Mortensen, 2001 in 
Leverette and Metaxas, 2005); e.g., the deep-water Oculina reefs occurring off central 
eastern Florida at 60-100 m depths exist in an area of strong currents and a zone of 
upwelling (Reed et al., 2005), and the high abundance of suspension-feeding sponges 
and ascidians at La Guajira, Colombia was considered indicative of an environment 
enriched with suspensed material, produced by upwelling conditions (Reyes et al., 
2005). 
A considerable proportion of the epibenthic organisms on the Otago shelf are 
suspension feeders, a functional group known to occur frequently in vigorous 
hydrological conditions Qensen and Frederiksen, 1992; Cranfield et al., 1999; Ferdeghini 
et al., 2000; Hargrave et al., 2004; Cranfield et al., 2004). This may, therefore, be the 
result of conditions that are beneficial for suspension-feeding organisms produced by 
the acceleration of the Southland Current as it passes the Otago Peninsula. Deposit 
feeders such as holothurians and other echinoderms (Ruppert and Barnes, 1991) may 
also benefit from the enhanced supply of particulate food matter. 
Furthermore, the presence of suspension-feeders is a subsequent attraction for 
predatory organisms such as gastropods, crustaceans, fish, anemones and other 
echinoderms (Connell, 1970; Ferdeghini et al., 2000). For instance, Sclerasterias mollis 
present on the Otago shelf at 40-100 m depths is reported to consume prey items that 
include small gastropods, small bivalves and crabs (Xu, 1989). 
Species Interactions 
Competition for space is a well-known factor that influences faunal distribution and 
abundance patterns (Connell, 1970; Osman, 1977; Alfaro and Carpenter, 1999; 
Ferdeghini et al., 2000) and may be attributed to the spatial dispersal of some Otago 
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epifauna. Bryozoans and sponges are well-known as prolific colonisers of many 
surfaces (Andrew and Francis 2003), while tunicates can cover large areas of substratum 
or other organisms and echinoderms appear to inhabit extensive areas of bare sediment 
as well as occupying space on top of other fauna. Consequently, these taxa may limit 
the space available for less aggressive or smaller organisms. Thus, the increased 
abundance of some taxa, e.g., anemones, molluscs and crustaceans, at the extremities of 
the study area may be the result of exclusion from the central thicket region by more 
dominant colonisers. 
Identification Bias 
The detectability of each species is also a factor that should be taken into consideration 
when assessing the distribution of the Otago epibenthic organisms. Larger, more 
conspicuous organisms are, for instance, more likely to be observed at the resolution of 
the sample images than smaller, more cryptic organisms. This may mean that clearly 
discernible fauna, such as sponges and echinoderms are more likely to be recorded than 
smaller animals such as small bivalves, polychaetes, crabs or triplefins. The 
multilayered nature of the thickets may, additionally, reduce the incidence of detection 
of smaller organisms. For instance, where sponges and bryozoans dominate the image, 
the smaller organisms present in the sample image may be covered and obscured by the 
mass of larger organisms. Consequently, the perceived distribution of small organisms 
(i.e., mollusc and crustacean species) to the extremities of the study area may actually 
be an artefact of a sampling technique that is biased towards the identification of larger 
animals. 
Summary 
To summarise, the branching cyclostome Cinctipora elegans was the most abundant 
frame-building bryozoan of the bryozoan thickets, followed by Hornera robusta. These 
species were highly abundant at the centre of the study area, which was at 80-90 m 
depths in the narrowest region of the shelf off Otago Peninsula. Adeonellopsis spp. was 
also fairly abundant but had a different distribution, being typically distributed to the 
deeper regions of the study area. The other most abundant epibenthic taxa included 
sponges, echinoderms and ascidians, which inhabited a variety of positions within the 
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thicket and predominantly occurred in the region of highest bryozoan abundance. The 
Otago bryozoan thickets were comparable in composition to that of other bryozoan-
dominated assemblages, such as those in Foveaux Strait and Tasman Bay, and 
supported a biological diversity similar to other temperate biogenic habitats. Overall, 
the frame-building bryozoans of the Otago shelf appear to be present in sufficient 
quantities to be of ecological importance and to be an influence on the distribution of 
other resident benthic fauna. Consequently, the suite of epibenthic fauna found on the 
Otago shelf is comparable to the New Zealand communities that have previously been 
reported in association with large bryozoan colonies 
The existence and distribution of this epibenthic community appears to be in response 
to a unique combination of environmental conditions. Statistical analysis demonstrated 
that epifaunal coverage within the study area was predominantly associated with 
environmental parameters that varied with the bathym.etry of the shelf, but was also 
associated with physical properties that changed from north to south within the study 
area. The distribution of frame-building bryozoans and associated epifauna on the 
Otago shelf may be determined by (1) localised energetic hydrological dynamics; (2) the 
presence of hard gravel substrata, including terrigenous pebbles and biogenic 
fragments, that produce medium to high seabed heterogeneity and provide a variety of 
attachment surfaces; (3) a relatively low sedimentation rate owing to the vigorous 
hydraulic regime; (4) an enhanced nutrient supply that is also the result of energetic 
hydrological conditions; as well as (5) other environmental variables relating to water 
depth and transect position, which may include water temperature and salinity, and 
substratum type. Thus, the significant variations in coverage of Cinctipora elegans, 
Hornera robusta, Adeonellopsis spp., Celleporina grandis, poriferans, echinoderms, 
ascidians, molluscs, actinians and symbiotic bryozoans over the bathymetric range of 
the study area may be related to the position of the Southland Current as it passes 
northward along the Otago shelf and associated changes in substratum types, in 
particular the differences between photographs taken from the middle isobaths 
compared to other regions of the study area. The significant changes in coverage of 
Cinctipora elegans, Hornera robusta, Adeonellopsis spp., Celleporaria agglutinans, Celleporina 
grandis, poriferans, echinoderms, ascidians, molluscs, actinians, crustaceans, symbiotic 
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bryozoans and fish over the north to south distribution of sampling transects may be 
related to alterations in the hydrological energetics, nutritional resources and 
sedimentological characteristics of the shelf, in particular the difference in stations C80 
and C90 from other sampling areas. Species distributions may also be positively related 
to the presence of prey items or as a result of exclusion by more competitive species. 
The fine-scale distributions described may also be influenced by the researcher's ability 
to detect organisms at the resolution of the images. 
8.2 The Role of Frame-Building Bryozoans 
Introduction 
This study also aimed to investigate the potential role of large bryozoan colonies as 
habitat-providers for other epifaunal organisms. Rudimentary correlations of spatial 
distribution and abundance patterns were calculated to establish possible relationships 
between large bryozoan species and the associated epibenthic taxa (Tables 5.16, 6.17, 
7.5). This information is assessed to describe the potential role that the frame-building 
bryozoan species play in the continuance of the epibenthic thickets on the Otago shelf. 
A Definition of Ecosystem Engineers and Bioconstructors 
The role of 'ecosystem engineers' Gones et al., 1994, 1997) or 'bioconstructors' (Cocito, 
2004) is often fundamental to the existence of the associated faunal community. 
Ecosystem engineers directly or indirectly control the availability of resources for other 
fauna by causing physical state changes of the environment, including the creation, 
modification and maintenance of habitats that may otherwise be absent or rare (Jones et 
al., 1997; Hacker and Gaines, 1997). Organisms that fall into this role can directly 
provide living space through the production of biogenic structures or 'bioconstructions' 
Gones et al., 1997; Cocito, 2004). Bioconstructions are durable elevated biogenic 
structures developed through the aggregation and accumulation of calcareous skeletons 
(Cocito, 2004), and are a resource that increases as the organism grows (Jones et al., 
1997). Other resources controlled or modified by engineers can be hydrodynamic 
parameters, sedimentary materials and food provision (Jones et al., 1997; Cocito, 2004). 
The magnitude of an ecosystem engineer's influence is dependent on the type of 
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changes that occur, the resources provided, the number of species within the habitat 
that rely on the resources and the extent to which these resources facilitate the 
persistence of the ecosystem Oones et al., 1997). The creation and modification of 
biogenic habitats typically influences the abundance and distribution of associated 
fauna, and results in the enhancement of species richness and diversity (Jones et al., 
1994, 1997; Cocito, 2004). The physical state changes produced by structure-forming 
organisms do not, however, always have important ecological consequences and may 
result only in trivial effects Oones et al., 1997). Frame-building bryozoan species 
produce large, erect, often branching, three-dimensional structures that potentially alter 
the environment in a variety of ways, generating resources for other organisms that 
may not have otherwise been available. The following sections include a discussion of 
the potential resources controlled by these species and an assessment of the possibility 
that frame-building bryozoans are ecosystem engineers within the Otago bryozoan 
thickets. 
The Provision of Resources by Frame-Building Bryozoans 
Complex Habitat 
Biogenic structures, particularly those that are large and persistent, create spatial 
refugia both within the structure itself and by altering the surrounding area through 
processes such as sediment accumulation (e.g., Jones et al., 1997; Cocito, 2004; Etnoyer 
and Morgan, 2005). Conway et al. (2005) described the development of a three-
dimensional framework of sponge species through three related processes that included 
(1) the production of stabilizing, accessory outgrowths, (2) skeletal welding where a 
living sponge overgrows or incorporates the skeleton of a neighbouring sponge, and (3) 
larval attachment. Similarly, Cocito (2004) described the frame-building process of 
bryozoans as a combination of construction, baffling, trapping, binding and 
cementation. Such processes may also occur within Otago' s bryozoan thickets, for 
instance the intertwined framework of Cinctipora elegans and Cellaria immersa ( e.g., Fig. 
5.5). 
Bioconstructors provide vertical relief from the seafloor, more surfaces for settlement 
and increase microhabitat variability ( e.g., Etnoyer and Morgan, 2005), with epibiotic 
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organisms attaching themselves to the skeleton branches, macrofauna living within the 
cavities of the colony, and others beneath the colony. On the exterior, encrusting 
organisms, particularly poriferans, almost entirely cover the exterior of some bryozoan 
structures, leaving only the growing tips exposed (Batson, 2000), while the interstices of 
the colonies also harbour numerous organisms (Wood, 2005). For example, Mortensen 
(2001) reported that corals offer a great variety of micro habitats for other organisms as 
they have a complex architecture with substrata of different ages, including sheltered 
cavities containing organic-rich sediments as well as other parts providing high water 
flows with little sedimentation (Mortensen, 2001). Nannohabitats are created within a 
bryozoan colony, often through the accumulation of fine sediment, and are inhabited by 
bacteria, diatoms and fungi (Scholz and Hillmer, 1995; Cocito, 2004). Other taxa, such 
as algae, hydrozoans, small bryozoans and other invertebrates can reside in 
microhabitats created within the colony or by sediment accretion or erosion around the 
structure (Scholz and Hillmer, 1995; Cocito, 2004; Wood, 2005). For example, various 
invertebrate taxa can survive, where they would not otherwise occur, on sediments 
produced as a result of the Cinctipora elegans thickets in Paterson Inlet, Stewart Island 
(Willan, 1981). Frame-building bryozoans produce a range of similar living spaces and 
may, therefore, be responsible for much of the 'biological habitat provision' (Thompson 
et al., 1996; Cocito, 2004) within the environment. 
Hydrodynamic conditions, such as boundary layer flow, and the sedimentation 
patterns of the area can be altered by the presence of large, three-dimensional structures 
(e.g., Cocito, 2004). Faunal colonies act to shield the sediments beneath them as water 
currents are deflected over or around the structure and water-sediment interactions 
lessen (Cuffey, 1977), or they can bind sediment particles together, changing particle 
size and shape and, therefore, altering their sediment transport potential (Nelson and 
Hancock, 1984; Batson, 2000). Conway et al. (2005), for instance, reported that the 
sediment trapping and baffling capacity of frame-building sponges was an important 
factor of reef growth. Bryozoan structures may act as "baffles" (Cuffey, 1974; Batson, 
2000; McKinney and Jacklin, 2001; Cocito, 2004), thus lifting the current velocity profile 
and deflecting sediment transport over or around the colony. Photographic samples 
provide evidence that various sediment types do accumulate around bryozoan colonies 
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(Fig. 8.5). Foubert et al. (2005) recorded the tube anemone Cerianthus sp. as frequently 
inhabiting patches of finer sediment between the coral framework of carbonate mounds 
in the Porcupine Bight, Northeast Atlantic. Similarly, Cerianthus sp. inhabited patches 
of bare sediment between bryozoan colonies on the Otago shelf community. 
Figure 8.5 Example of changes in sedimentary characteristics around the periphery of frame-building 
bryozoan colonies. 
Furthermore, the organisms that encrust bryozoan structures may themselves provide a 
secondary framework (Cocito, 2004). For instance, sponges have been described as 
"veritable living hotels" (Klitgaard, 1995) and can be inhabited by a wide diversity of 
invertebrates. The scleractinian Paracyathus pulchellus, for example, was reported to 
settle on sponge fauna within the azooxanthellate coral communities of Colombia 
(Reyes et al., 2005). These colonising processes can act to positively feedback on the 
biological structures by further enhancing environmental conditions and, subsequently, 
stimulating faunal colonisation and growth (e.g., Foubert et al., 2005). Carbonate 
mound growth, for example, benefits from positive feedback whereby corals grow 
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preferentially in elevated positions where they can take advantage of faster flowing 
waters delivering organic particulate food supply, and avoid the higher concentration 
of inorganic sediment closer to the benthic boundary layer (Frederiksen et al., 1992; 
Freiwald, 2002; Foubert et al., 2005). The regeneration of epibenthic patch reefs in 
Foveaux Strait is a natural example of the successional development of habitats 
produced by structurally complex organisms such as bryozoan colonies (Fig. 8.6) 
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Figure 8.6 A depiction of the successional development of complex biogenic habitats within Foveaux 
Strait, New Zealand (from Cranfield et al., 2004). 
Organic gravels, additionally, augment local sediments by the deposition of skeletal 
fragments from the bryozoan colony itself. Studies of the invertebrate fauna associated 
with coral communities have also demonstrated that crinoids, sea anemones, 
bryozoans, sponges and other scleractinian corals participate in the accumulation of 
carbonate sediments and the accretion of the coralline matrix (Reyes et al., 2005). 
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Subsequently, the positive correlation of faunal coverage of the frame-building 
bryozoans Cinctipora elegans, Hornera robusta, Celleporaria agglutinans and Hornera foliacea 
with poriferans, echinoderms, ascidians and crustaceans may be indicative of the spatial 
refugia provided by bryozoans and the utilisation of this space by the other epifauna. 
For instance, poriferans colonise extensive areas of bryozoan colony space, while 
Ophiocoma/Ophiopteris spp. and Eurynolambrus australis were observed sheltering 
beneath the edges of bryozoan structures. 
Nutritional Resources 
Frame-building bryozoans may provide or enhance the availability of nutritional 
resources. In some cases the bryozoans themselves may be food for associated 
organisms. For example, pycnogonids and nudibranchs molluscs are known to feed on 
bryozoan colonies (Ryland, 1970; Chadwick and Thorpe, 1981) and there have also been 
observations of opportunistic echinoderm grazing on bryozoan fragments (Barker, 
1985). 
Bryozoan structures enable suspension-feeding organisms to inhabit an elevated 
substratum and, therefore, reach further into the water column. Harmelin et al. (1994) 
examined the symbiotic relationship between Smittina cervicornis, a branching 
adeoniforrn bryozoan, and Haliscarca dujardini, a small encrusting sponge from the 
Mediterranean and found that the nature of the sponge overgrowth conveyed beneficial 
feeding incurrents to both organisms. The bryozoan/ sponge formation also produced 
one, strong excurrent at the end of the bryozoan branch, thus reducing the possibility of 
recirculating waste (Harrnelin et al., 1994). Therefore, the principal moderately strong 
positive correlations of Cinctipora elegans and the Hornera spp. with the poriferans (Table 
7.5) may be an indication of sponges utilising the complex, elevated habitat provided by 
bryozoan colonies to access supplies of suspended food particles. Mobile species may 
also utilise the prey opportunities presented within isolated fauna! assemblages such as 
the bryozoan thickets. For example, the oreo Neocyttus helgae associated with the 
gorgonian Paragorgia sp. was observed to hold station in the near-bottom water column 
behind or slightly above corals, purportedly to better encounter drifting zooplankton 
(Auster, 2005). Furthermore, individual N. helgae were reported to be nibbling coral and 
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sponge surfaces, therefore exploiting prey species associated with the colonies or the 
coral polyps themselves (Auster, 2005). In New Zealand, the bryozoan beds of Tasman 
Bay and Foveaux Strait are known to support fish fauna including Parapercis colias 
(Bradstock and Gordon, 1983; Carbines et al., 2004), a species that was photographed on 
several occasions in the vicinity of the Otago bryozoan thickets. 
Protection 
Frame-building bryozoans may also convey a degree of protection to some species as 
small benthic organisms residing in or around a bryozoan structure may be afforded 
protection from strong water currents or sedimentation (e.g., Hacker and Gaines, 1997; 
Bertness and Leonard, 1997). For instance, Auster et al. (2005 and references therein) 
described fish species utilising the down-current sides of emergent reef fauna as refugia 
from energetic flow regimes, therefore reducing the physiological requirements of 
sustaining a position within the reef while also enhancing the delivery of 
macrozooplankton and nekton prey. Conway et al. (2005) also suggested that marine 
reef structures function as a refugium, indicated by the frequent occurrence of small, 
immature rockfish on the complex surface of sponge reefs. On the Otago shelf, 
Ophiocoma bollonsi/Ophiopteris antipodum and Eurynolambrus australis primarily occur 
beneath the edges of bryozoan colonies, a position that may afford these species 
protection from rapid water current or predatory taxa. The small triplefin fish recorded 
in the study area may also be afforded protection from the energetic Southland Current 
by the elevated thicket structures. Prey species may also find hiding places from their 
predators within the bryozoan thickets (Hacker and Gaines, 1997; Cocito, 2004). 
The presence of bryozoan habitats may also ameliorate the effects of disease. In recent 
decades the commercial oyster fishery in Foveaux Strait has been adversely affected by 
outbreaks of Bonamia exitiosa, a protist that infects oysters (Cranfield et al., 1999; Michael 
et al., 2002). In an investigation into the Foveaux Strait oyster fishery and the associated 
epifaunal reefs, Cranfield et al. (1999) concluded that the areas of Foveaux Strait 
suffering the greatest oyster mortality were also areas where fishing had destroyed and 
removed large areas of epifaunal reef. In this case it may be that the health of reef-
associated organisms is better than those without access to adequate food and other 
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resources, i.e. biogenic habitats may reduce the stress on associated fauna (Hacker and 
Gaines, 1997). 
Enhanced Recruitment and Reproduction 
The presence of bryozoan structures may help to enhance the reproductive success of 
other benthic populations. Firstly, the bryozoan thicket environment may be conducive 
to a species' mating requirements, thus enabling, for instance, successful fertilization or 
spawning processes. Furthermore, the fecundity of a population may be enhanced by 
the food resources and protection afforded to juvenile organisms within the epifaunal 
community (e.g., Vooren, 1975). Saxton (1980) noted that small juvenile tarakihi and 
snapper, both commercially fished species, occurred in big schools in the area of the 
Separation Point coral beds in Tasman Bay. Blue cod, red mullet and sea perch were 
also known to frequent the area (Saxton, 1980). More recently, Cranfield et al. (2001) 
highlighted the occurrence of blue cod stocks (a major fishery since their discovery in 
1989) on epifaunal reef patches in Foveaux Strait. These fish stocks, and particularly the 
juvenile stages, are protected from harsh environmental conditions and possibly 
predation, while also benefiting from the food resources present within epibenthic reefs 
(Carbines and Jiang, 2002). 
The Ecological Effects of Frame-Building Bryozoans 
The overall effect of ecosystem engineers and bioconstructors is the enhancement of 
species richness and diversity (Hacker and Gaines, 1997; Cocito, 2004). The physical 
framework produced by such organisms quantitatively increases the structural 
complexity and amount of living space within a habitat and, subsequently, it is this 
habitat structure that is considered to be the most significant influence on the number, 
composition and abundance of species within a biological assemblage (Cocito, 2004). 
Reductions in detrimental factors, including physical disturbance, stress or predation, 
further augment biological diversity and richness (Hacker and Gaines, 1997). 
Consequently, the localised increase in species richness and diversity (Table 7.1, Figs. 
7.lb-d) on the mid-shelf in the vicinity of Otago Peninsula is likely due to the primary 
habitat produced by frame-building bryozoan structures. 
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A significant consequence of the functions performed by ecosystem engineers is the 
maintenance of commercially important fish and shellfish stocks. For instance, 
bryozoan-dominated patch reefs are also well known to harbour commercially 
important molluscs (e.g., Mason, 1983; Cranfield et al., 1999). Bryozoan formations in 
British waters support stocks of queen scallops, with the juvenile scallops settling and 
developing on bryozoan colonies, before reaching their motile stage (Mason, 1983). 
Similarly, in Foveaux Strait, oyster spat that settled on dead adult oyster shells within 
an epibenthic patch reef are thought to have a better chance of survival than spat 
settling outside the benthic assemblage (Cranfield et al., 1999). While there is now no 
commercial bottom fishing in the Otago bryozoan thicket area, the presence of blue cod 
in the area suggests that this biogenic habitat may help to maintain populations of 
species that are fished elsewhere. 
Are Frame-Building Bryozoans the Ecosystem Engineers on Otago Shelf? 
As the result of an initial assessment of frame-building bryozoan function within the 
benthic community it appears that their biogenic structures both 'directly and indirectly 
control the availability of resources to other organisms by causing physical state 
changes in biotic and abiotic materials' (see Jones et al., 1997p. 1947). Bryozoans, in 
particular Cinctipora elegans, Hippomenella vellicata, Celleporaria agglutinans, Hornera 
robusta and Hornera foliacea, are likely to modify their physical environment through 
changes in current flow and the resulting sedimentation patterns, as evident from 
sediment accumulation patterns observed in photographic samples ( e.g., Fig. 8.5). 
These state changes also 'control the resources used by ... other species' (see Jones et al., 
1997, p. 1947). The bioconstruction performed by large bryozoans provides living 
space, food, reproduction and protection resources for many other taxa. Habitat 
structural complexity is ecologically important because it influences the diversity and 
abundance of fauna! communities (Cocito et al., 2001). 
It is important to note, however, that the co-occurrence of species does not imply a 
relationship between the particular habitat-providing organism and resident taxa (e.g., 
Auster, 2005). It is often the case that the relationship between species is obligative or 
necessary. For example, the fish species associated with tropical coral communities 
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require the specific structures provided by the reef, and when those are removed, the 
fish populations respond negatively (Auster, 1998). Alternatively, Reyes et al. (2005) 
noted the possibility of facultative, rather than obligate, habitat use by temperate fish 
species of continental shelf epibenthic assemblages. Auster (2005) defined facultative 
habitat use by fish populations as the utilisation of habitat features for shelter from 
predators and currents, focal sites for prey capture or reproduction, and that this type 
of use increases the fitness of individuals, but added that the absence of such features 
does not lead to the extinction of associated populations. For instance, Costello et al. 
(2005) concluded from an investigation of Lophelia pertusa coral reefs and associated fish 
species in the Northeast Atlantic that the fish species recorded were widespread and 
not peculiar to coral reefs, but that the reefs acted as centres of ecological activity, 
resulting in areas of heightened fish species richness and abundance. Mortensen and 
Buhl-Mortensen (2005) also noted that the associated fauna of deep-water corals 
typically consisted of generalist commensal species that were capable of surviving 
without these corals in other habitats. Therefore, fauna of the Otago bryozoan thickets 
may not be dependent on the resources provided by frame-building bryozoans. 
However, the resilience of populations to disturbance may be reduced in the absence of 
such habitats (Auster, 2005 and reference therein). 
Summary 
To summarise, bryozoan thickets serve to maintain local benthic populations. The 
presence of frame-building bryozoans on the Otago Shelf regulates competition through 
the constant supply of biological resources. Bryozoan structures provide an extensive 
range of habitats, which are continuously produced as bryozoan colonies grow. 
Foraging and reproductive behaviour is regulated within the constant ecosystem, 
enabling benthic populations to persist in the environment. Protection is afforded to 
delicate, rare or juvenile organisms, from adverse hydrological conditions, 
unfavourable sedimentation patterns, and predation. The incidence of disease may also 
be regulated within the complex community. As a consequence, the local biological 
diversity and species richness of resident biota is enhanced. 
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8.3 Underwater Photography as a Benthic Sampling Tool 
Underwater photography offers a minimally-invasive sampling technique for the 
investigation of marine habitats that are otherwise inaccessible to humans. Submersible 
imaging systems have been in use by marine scientists since the 1950s ( e.g., McIntyre, 
1956), providing an efficient means of obtaining permanent records of not only the 
fauna present but also a variety of data concerning faunal relationships and the physical 
conditions of the marine environment (Bohnsack, 1979; Klitgaard, 1995; Schwinghamer 
et al., 1998; Magorrian and Service, 1998; Roberts et al., 2000). The use of imaging 
devices also reduces the necessity for taking large quantities of biological samples in 
order to obtain quantitative data and provides an 'environmentally friendly' approach 
to marine benthic sampling and monitoring (Bohnsack, 1979). Subsequently, as a 
consideration for these facts and for the fragility of the bryozoan species under 
investigation, the feasibility of underwater photography as a benthic sampling tool was 
tested during this study. The following is an appraisal of the photographic sampling 
technique. 
Benefits 
A vertically-angled drop-camera with a weighted trigger and flash unit was utilised for 
the examination of Otago shelf benthos (see section 4.1), a system similar to those 
regularly used to obtain perpendicular still photographs of the seafloor ( e.g., Singleton 
and Cole, 1972; Glasby and Singleton, 1975; Piepenburg and Schmid, 1997; Bluhm et al., 
1998; Roberts et al., 2000; Teixid6 et al., 2002; Brown et al., 2002). There were several 
beneficial outcomes of the photographic sampling method trialled for this study. The 
camera system enabled rapid collection of a relatively large number of sample 
replicates and required no more than three crew members to safely operate the 
equipment, navigate the research vessel and record information such as the sampling 
location and number of photographs taken. Over 30 photographic samples, covering a 
total area of approximately 9 m2, could be attained within an hour of fieldwork. The 
production of photographic material reduced the urgency for sample analysis, as there 
is no deterioration of information over time; i.e., issues such as the preservation and 
possible degradation of biological samples over time were not a concern. Laboratory 
resources such as sorting equipment, preservatives and storage materials were not 
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required for the analysis of sample images and the storage space required for over 500 
photographic slides consisted of no more than two 30 x 40 cm archival file boxes. 
Submersible imaging devices do, therefore, reduce the amount of time and personnel 
required in the field to obtain a sufficient quantity of samples (Bohnsack, 1979). 
Furthermore, the slides were digitally scanned, providing an alternative viewing format 
and backup of the image samples. 
The resulting sample images produced a realistic representation of a habitat that is 
rarely seen otherwise (e.g., Roberts et al., 2000; Kollmann and Stachowitsch, 2001), and 
allowed the examination of not only a significant proportion of the faunal community, 
but also insights into some of the environmental characteristics of the shelf region, e.g., 
substratum types ( e.g., 8.3 and 8.4). By comparison, Schroeder et al. (2005) commented 
that bottom trawl samples provided little or no detail of benthic coral habitats with 
regard to the extent or type of substratum, bottom topography, coral distribution, 
abundance or ecology. Analysis of faunal coverage provided a quantitative data set 
that required only standard data transformation and was examined using both 
univariate (analysis of variance, general linear model, Pearson's correlation, diversity 
indices) and multivariate (cluster analysis, non-metric multidimensional scaling, 
analysis of similarities, similarity of percentages) statistical analyses. Information 
pertaining to the epibenthic faunal composition, spatial distribution, and species 
interactions within the thicket community was, therefore, easy to obtain and interpret 
from sample images and provided a description of the community at a scale smaller 
than could be attained with traditional physical sampling gear ( e.g., Batson, 2000; 
Schroeder et al., 2005). The longevity of the photographic samples also provides an 
opportunity for this material to be reassessed by different means or for alternative 
information in the future (e.g., Dodge et al., 1982; Foster et al., 1991; Leonard and Clark, 
1993; Norris et al., 1997; Reed et al., 2005). 
Possibly one of the most noteworthy benefits of using the underwater camera was that 
the majority of Otago' s bryozoan thicket community remained unaffected by the 
presence of the sampling equipment. Aside from the occasional crushed bryozoan 
clump or brittlestar and the creation of a sediment plume by the weight or legs of the 
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frame, there was very little damage caused by the camera system as it landed on the 
seafloor. This provides a highly favourable method by which to investigate habitats 
that include very fragile, sensitive or rare biota, such as the habitat-providing bryozoans 
of the Otago shelf and elsewhere in New Zealand, without removing or leaving behind 
large quantities of damaged or dead fauna. Likewise, underwater photography 
provides a means by which to investigate delicate, colonial fauna in their entirety, 
rather than fragmented remnants of a colony (e.g., Schroeder et al., 2005). Visual 
records can also, consequently, be more suitable for monitoring of epibenthic habitats, 
giving a better indication of changes in megafaunal coverage and environmental 
conditions (Fossa et al., 2005). 
Limitations 
There were, however, limitations and problems in the application of this photographic 
sampling technique. The camera system could not always be relied upon to work 
correctly, largely owing to the electrical components of the equipment. System failures 
and problems included an inconsistent and limited power supply, which led to a failure 
to recharge the strobe. The camera often misfired or failed to take photographs, leading 
to the production of under- or over-exposed photographs and the wastage of slide film. 
The reliability of the camera system was also compromised by its sensitivity to adverse 
weather conditions. For instance, rough sea states and swells of 3 m or greater made 
the deployment of the camera systems difficult and unsafe. General system failure also 
occurred with some regularity, with the cause of the problem remaining undiagnosed 
and, subsequently, without repair. Drawbacks such as restricted power supplies and 
the sensitivity of the equipment do, however, appear to be typical of visual sampling 
systems and landers (e.g., Bohnsack, 1979; Sebens, 1986; Meese and Tomich, 1992; 
Piepenburg and Schmid, 1997; Roberts et al., 2005; Fossa et al., 2005). Unfortunately, 
these failures also resulted in added expenses, as the camera system often required 
repair and the photographs had to be 'retaken, therefore incurring further film and 
vessel costs. 
While the photographs provided a detailed representation of the bryozoan thickets, the 
resolution of the images limited the accuracy and degree of faunal identification ( e.g., 
192 
Bohnsack, 1979; Foster et al., 1991; Roberts et al., 2000). The images produced during 
this study each covered an area of approximately 0.3 m2, which restricted the taxonomic 
identification to organisms larger than 1 cm and, in some instances, species with similar 
physical characteristics could not be clearly determined, i.e., the black brittlestars 
Ophiopteris antipodum and Ophiocoma bollonsi could not be distinguished from one 
another. Consequently, accurate faunal identification could be time consuming and 
typically required some form of ground-truthing (e.g., Fossa et al., 2005), including a 
review of the species previously recorded from the Otago shelf and the collection of 
physical faunal samples from the study area. 
One of the most time-consuming tasks of this photographic sampling technique was the 
analysis of images. The initial step of producing detailed outline drawings of the 
samples was extensive and required a significant amount of cross-checking with 
ground-truthing information to ensure adequate taxonomic identification. 
Furthermore, while the analysis of each photograph was often no more than 1 hour, a 
total of over 500 hours was required for the analysis of a complete data set. 
Additionally, analysis of multilayered epifaunal communities requires the 
measurement of each layer and, in the case for the Otago bryozoan thickets, can further 
extended the analysis of photographs. It was previously noted, however, that analysis 
of images can exceed the time usually required for the in situ assessment of sample 
quadrats (e.g., Dodge et al., 1982; Foster et al., 1991; Leonard and Clark, 1993; 
Magorrian and Service, 1998). 
Consequently, while the photographic sampling technique trialled during this study 
successfully produced a relatively large and highly useful set of sample images, there 
are, however, some amendments that could possibly increase the efficiency and reduce 
the restrictions for this sampling technique. The use of a digital camera may overcome 
many of the technical and electrical problems associated with the film camera system. 
Digital footage can be viewed instantaneously onboard the research vessel, providing 
an opportunity to assess and rectify camera problems (i.e., camera misfires and failures, 
under or over-exposure) while still in the field and eliminating the need to store and 
develop film at a later date. Digital systems additionally provide a means of altering 
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the resolution of images to better suit the requirements of the study. Furthermore, 
while the technique used to analyse the photographic samples produced a 
comprehensive and accurate measure of the abundance and distribution of both solitary 
and colonial epibenthic fauna on the Otago shelf, the use of a 'dots on rocks' 
methodology (e.g., Foster et al., 1991; Meese and Tomich, 1992) would provide a 
similarly useful data set in less time. This could be conducted, for example, using 
digital photographs and computer software such as a D.O.R program (see section 4.8). 
Careful consideration should be given, however, to the number and distribution of 
points when using a 'dots on rocks' method, to ensure that adequate coverage of the 
sample is achieved, particularly if rare or small organisms are to be accurately 
represented. 
Summary 
The use of a photographic drop-camera system produced a large number of seafloor 
photographs, during a relatively short period of time in the field. Sample images were 
assessed as quadrats, resulting in comprehensive data sets describing the abundance, 
fine-scale distribution and possible interactions between taxa for multiple layers of the 
Otago bryozoan thickets. Seafloor photographs also provided some insight into the 
physical conditions of the mid-shelf environment. Over 500 photographs of the Otago 
shelf can be stored as a permanent record of the epibenthic megafauna present during 
the study period. The underwater photographic system was, unfortunately, hampered 
by technical equipment failures and analysis of the images was excessively time-
consuming. The use of modern digital equipment and an alteration to the image 
analysis technique may, however, overcome several of the limitation experienced 
during the trial of underwater photography as a benthic sampling tool. 
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8.4 Conclusions and Future Directions 
Major Findings 
This study has five major findings. A highly effective non-destructive sampling 
methodology was devised for the assessment of a fragile benthic community from an 
open shelf environment, producing visual images of a habitat that is otherwise 
inaccessible to scientists. This methodology was utilised for a fine-scale analysis of 
faunal distributions, ascertaining a high abundance of frame-building bryozoans 
occurring in the narrowest region of the Otago mid-shelf between the promontory of 
the Otago Peninsula and Saunders Canyon at depths of 80-90 m. A similar fine-scale 
distribution was established for associated epibenthic megafauna occurring in the study 
area. Faunal distributions were statistically determined to be non-random, with sources 
of variation in faunal abundance found to be influenced by environmental factors 
associated with changes in depth and transect position. An initial assessment of the 
role of frame-building bryozoans within the thicket community suggests that these 
organisms may function as ecosystem engineers, with their biogenic structures 
providing resources for other benthic species. 
Underwater Photography as a Sampling Tool 
The use of underwater photography was a valuable benthic sampling tool, providing: 
• over 500 seafloor photographs of the Otago mid-shelf; 
• a fine-scale, quantitative assessment of a unique epibenthic community; 
• a means to examine the role of frame-building bryozoans as ecosystem engineers; 
• an insight into the physical conditions of an open shelf environment; 
• a permanent record of an ecosystem in a relatively short timeframe; and 
• a highly effective form of non-destructive sampling for fragile and rare habitats. 
The photographic sampling methodology also had limitations, as: 
• fieldwork was frequently hampered by technical equipment failures; 
• the unreliability of the camera system often incurred further expenses; 
• the camera system could not be used in rough sea states and swells of >3 m; and 
• the analysis of the images was excessively time-consuming. 
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Frame-Building Bryozoa of the Otago Shelf 
An examination of the abundance, fine-scale distribution and relationships between 
eight frame-building bryozoan species on the Otago mid-shelf established that: 
• the core of the bryozoan community occurred at depths of 80-90 m on transect C; 
• the spatial distribution was patchy at the scale of individual photographs; 
• Cinctipora elegans was the dominant frame-building bryozoan; 
• Hornera robusta and Adeonellopsis spp. were also relatively abundant bryozoans; 
• Cinctipora elegans and Hornera robusta had the strongest positive relationship; 
• Cinctipora elegans and Hornera robusta were negatively correlated with Adeonellopsis 
spp.; 
• water depth was the most significant factor influencing the variability in frame-
building bryozoan cover; but 
• the latitudinal distribution of sampling transects also influenced the variability of 
frame-building bryozoan cover; and 
• significant determinants of bryozoan distribution may include hydrological 
parameters, sedimentation, substratum type and food availability. 
Epibenthic Fauna of the Otago Shelf 
An examination of the abundance, fine-scale distribution and relationships between 
epibenthic species on the Otago mid-shelf established that: 
• the highest density of epibenthic organisms occurred at 80-90 m depths at the 
three centremost transects; 
• several taxonomic groups were identified, including sponges, echinoderms, 
bivalve and gastropod molluscs, tunicates, polychaetes, decapod crustaceans and 
fish; 
• the most abundant taxa were the poriferans and echinoderms; 
• poriferans and echinoderms had the strongest positive relationship; 
• water depth was the most significant factor influencing the variability in 
epibenthic faunal cover; but 
• the latitudinal distribution of sampling transects also influenced the variability of 
epibenthic faunal cover; and 
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• significant determinants of epibenthic faunal distribution may include hydrological 
parameters, sedimentation, substratum type, nutritional resources, recruitment, 
competition and predator-prey relationships. 
The Biodiversity of the Otago Bryozoan Thickets 
An examination of patterns of abundance, species richness and diversity for the entire 
epibenthic community and a multivariate analysis of faunal assemblages within the 
bryozoan thickets established that: 
• highest species richness and diversity occurred along the 70-80 m sampling stations 
of transects B, D and E; 
• two types of faunal assemblages occurred within the thicket community; 
• cluster group 1 consisted of stations positioned within the core of the thicket region 
and was characterised by high abundances of Cinctipora elegans, Hornera robusta, 
sponges, Ophiopsammus maculata, Ophiocoma/Ophiopteris spp. and Cnemidocarpa spp.; 
• cluster group 2 consisted of stations positioned at the deeper margin of the study 
area and was characterised by smaller and more irregular patches of Cinctipora 
elegans, Adeonellopsis spp.1 sponges, Didemnum sp., anemones and M.a.oricolpus roseus; 
• frame-building bryozoans were highly positively correlated with epibenthic fauna; 
• Cinctipora elegans and Hornera robusta were positively correlated with poriferans, 
echinoderms and ascidians. 
Future directions 
Frequent technical failures of the camera system hampered the completion of fieldwork 
for this study and the technique chosen for image analysis was laborious. The use of 
modern digital equipment and an alteration to the image analysis technique may, 
however, overcome several of the shortcomings experienced during this trial of seafloor 
photography as a sampling tool. These changes should result in a photographic 
sampling methodology that is feasible and effective for producing reusable baseline 
information while preserving the habitat for future investigation, and facilitating the 
implementation of long-term monitoring programmes of precious benthic communities. 
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Further analysis of the photographic samples could be undertaken to attain greater 
understanding of the physical environment in which bryozoan-dominated communities 
occur. A detailed assessment of the various substratum types present on the Otago 
shelf may add to the sedimentary characteristics described by Andrews (1973) and 
Carter et al. (1985). Biological measurements, such as nearest-neighbour analysis, may 
also produce greater understanding of the interactions between epifauna and a clearer 
indication of the function of frame-building bryozoans within the Otago thickets. 
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Appendix Two 
Study Area and Locations 
Table A. I Trial sites and sampling locations on the Otago shelf 
TriaVStation Latitude Longitude 
Tl &T3-6 (Otago Harbour) 
T2.1 45"5 51.695' 170"E 51.047' 
T2.2 45"5 52.851' 170°E 51.140' 
T2.3 45"5 52.427' 170°E 50.960' 
A70 45"5 48.286' 170°E 51.440' 
ABO 45"5 48.886' 170°E 53.041' 
A90I 45"5 49.123' 170°E 53.625' 
A90II 45"5 49.265' 170°E 53.520' 
AlOOI 45"5 49.429' 170°E 54.630' 
A100II 45"5 49.576' 170"E 54.614' 
B70I 45"5 52.202' 170"E 48.180' 
B70II 45"5 52.101' 170°E 48.540' 
B80I 45"5 52.538' 170"E 50.081' 
B80II 45"5 52.518' 170°E 49.945' 
B90I 45"5 52.689' 170°E 50.843' 
B90II 45"5 52.652' 170"E 50.733' 
B100I 45"5 53.059' 170°E 51.848' 
B100II 45"5 53.044' 170°E 51.809' 
C60 45"5 53.272' 170°E 45.925' 
C70 45"5 53.682' 170"E 47.371' 
C80 45"5 54.089' 170"E 48.788' 
C90 45"5 54.281' 170°E 49.299' 
ClOO 45"5 54.555' 170°E 50.526' 
CllO 45"5 55.002' 170"E 51.998' 
D70 45"5 56.398' 170°E 46.007' 
D80I 45"5 56.367' 170°E 47.072' 
D80II 45"5 56.069' 170°E 47.369' 
D80ill 45"5 56.328' 170°E 46.996' 
D90 45"5 56.27 4' 170°E 47.764' 
D100I 45"5 56.497' 170°E 48.942' 
D100II 45"5 56.995' 170°E 48.612' 
E70 45"5 58.401' 170°E 43.604' 
E80I 45"5 58.701' 170"E 44.748' 
E80II 45"5 58.755' 170°E 44.683' 
E90 45"5 59.055' 170°E 45.939' 


















































Figure A. 1 Chart of trial sites and sample locations on the Otago shelf, New Zealand (adapted from Carter 1986). 
I 




Table A. 2 Fauna previously recorded from the. Otago shelf (including studies up to 2001) 
Hi~her taxonomic S!ou:es S:eecies Reference 
Arthropoda Crustacea Anomura Porcellanidae Petrocheles spinosus Miers Probert et al. 1979; Forest et al. 2000 
Arthropoda Crustacea Anomura Porcellanidae Petrolisthes novaezelandiae Filhol Probert et al. 1979; Forest et al. 2000 
Arthropoda Crustacea Anomura Pylochelidae Trizocheles spinosus bathamae Forest & de Saint Probert et al. 1979; Forest et al. 2000 
Laurent 
Arthropoda Crustacea Anomura Diogenidae Paguristes barbatus (Heller) Taylor et al. 1989; Forest et al. 2000 
Arthropoda Crustacea Anomura Diogenidae Paguristes subpilosus Henderson Probert et al. 1979; Forest et al. 2000 
Paguridae Bathypaguropsis yaldwyni McLaughlin Forest et al. 2000 
Arthropoda Crustacea Anomura Paguridae Diacanthurus rubricatus (Henderson) Probert et al. 1979; Forest et al. 2000 
Arthropoda Crustacea Anomura Paguridae Diacanthurus spinulimanus (Miers) Probert et al. 1979; Forest et al. 2000 
Arthropoda Crustacea Anomura Paguridae Lophopagurs (Australeremus) cooki (Finhol) Probert et al. 1979; Taylor et al. 1989; 
Forest et al. 2000 
Arthropoda Crustacea Anomura Paguridae Lophopagurus (Australeremus) laurentae Forest et al. 2000 
(McLaughlin & Gunn) 
Arthropoda Crustacea Anomura Paguridae Lophopagurus (Australeremus) stewarti (Filhol) Probert et al. 1979; Taylor et al. 1989; 
Forest et al. 2000 
Arthropoda Crustacea Anomura Paguridae Lophopagurus (Lophopagurus) foresti McLaughlin & Forest et al. 2000 
Gunn 
Arthropoda Crustacea Anomura Paguridae Lophopagurus (Lophopagurus) nodulosus Forest et al. 2000 
McLaughlin & Gunn 
Arthropoda Crustacea Anomura Paguridae Lophopagurus (Lophopagurus) thompsoni (Finhol) Taylor et al. 1989 
Arthropoda Crustacea Anomura Paguridae Lophopagurus (Lophopagurus) pumilus de Saint Forest et al. 2000 
Laurent & McLaughlin 
Arthropoda Crustacea Anomura Paguridae Pagurus albindianthus de Saint Laurent & Forest et al. 2000 
McLaughlin 
Arthropoda Crustacea Anomura Parpaguridae Sympagurus dimorphus (Studer) Probert et al. 1979; Forest et al. 2000 
Arthropoda Crustacea Anomura Paguridae Pagurid 'smooth, apricot' Probert et al. 1979 
Arthropoda Crustacea Anomura Paguridae Pagurus n. sp. B Taylor et al. 1989 
Arthropoda Crustacea Brachyura Cancer novaezelandiae (J acquinot) Probert et al. 1979 
Arthropoda Crustacea Brachyura Chlorinoides filholi (A. Milne Edwards) Probert et al. 1979 
Arthropoda Crustacea Brachyura Cyclohombronia depressa (Jacquinot) Probert et al. 1979 
Arthro12oda Crustacea Brach~ra CY._mnomus bathamae Dell Probert et al. 1979 
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Higher taxonomic groups Species Reference 
Arthropoda Crustacea Brachyura Eurynolambrus australis H. Milne Edwards & Probert et al. 1979 
Lucas 
Arthropoda Crustacea Brachyura Leptomithrax longipes (Thompson) Probert et al. 1979 
Arthropoda Crustacea Brachyura Nectocarcinus antarcticus (Jacquinot) Probert et al. 1979 
Arthropoda Crustacea Brachyura Ommatocarcinus macgillivrayi White Probert et al. 1979 
Arthropoda Crustacea Caridea Alpheus socialis Heller Probert et al. 1979 
Arthropoda Crustacea Caridea Campylonotus rathbunae Schmitt Probert et al. 1979 
Arthropoda Crustacea Caridea Nauticaris marionis Bate Probert et al. 1979 
Arthropoda Crustacea Caridea Periclimenes yaldwyni Holthuis Probert et al. 1979 
Arthropoda Crustacea Caridea Pontophilus acutirostratus Yaldwyn Probert et al. 1979 
Arthropoda Crustacea Caridea Pontophilus australis (Hutton) Probert et al. 1979 
Arthropoda Crustacea Isopoda Cassidina typa H. Milne Edwards Probert et al. 1979 
Ascidiacea 'Debris' ascidian Probert et al. 1979 
Ascidiacea Cnemidocarpa stewartensis Michaelsen Probert et al. 1979 
Ascidiacea Corella eumyota Traustedt Probert et al. 1979 
Ascidiacea Didemnum mortenseni Michaelsen Probert et al. 1979 
Ascidiacea Pyura pachydermatina (Herdman) Probert et al. 1979 
Ascidiacea Pyura picta Brewin Probert et al. 1979 
Brachiopoda Magasella sanguinea (Leach) Probert et al. 1979 
Bryozoa Otionellids Batson2000 
Bryozoa Gymnolaemata Cheilostomata Akatopora circumsaepta (Uttley) Taylor et al. 1989 
Bryozoa Gymnolaemata Cheilostomata Crepidacantha zelanica Canu & Bassler Taylor et al. 1989 
Bryozoa Gymnolaemata Cheilostomata Cuticella ventricosa (Busk) Probert et al. 1979 
Bryozoa Gymnolaemata Cheilostoma ta Fenestrate cheilostomes Batson 2000 
Bryozoa Gymnolaemata Cheilostomata Odontionella Cyclops (Busk) Probert et al. 1979 
Bryozoa Gymnolaemata Cheilostomata Schizomavella trachoma Gordon Taylor et al. 1989 
Bryozoa Gymnolaemata Cheilostomata Spiralaria serrata (MacGillivray) Probert et al. 1979 
Bryozoa Gymnolaemata Cheilostomata Adeonidae Adeonellopsis cf pentapora Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Adeonidae Adeonellopsis spp. Batson2000 
Bryozoa Gymnolaemata Cheilostomata Arachnopusidae Arachnopusia unicornis Junge 1998; Taylor et al. 1989 
Bryozoa Gymnolaemata Cheilostomata Beaniidae Beania discodermiae Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Beaniidae Beania magellanica Junge 1998 
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Bryozoa Gymnolaemata Cheilostomata Bitectiporidae Parkermavella punctigera Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Bitectiporidae Schizosmittina cinctipora Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Bitectiporidae Schizosmittina conjuncta Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Bitectiporidae Schizosmittina maplestonei (MacGillivray) Taylor et al. 1989 
Bryozoa Gymnolaemata Cheilostomata Buffonellodidae Aimulosia sp. Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Calloporidae Crassimarginatella (Corbulella) corbula Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Calloporidae Crassimarginatella (Valdemunitella) faudatrix Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Calloporidae Crassimarginatella (Valdemunitella) hara Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Calloporidae Crassimarginatella ? cucullate Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Calloporidae Ellisina ?antarctica Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Calloporidae Ellisina sericea Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Calloporidae Foveolaria (Odontionella) cyclops Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Calloporidae Retevirgula sejuncta Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Candidae Caberea solida Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Candidae Caberea sp. Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Catenicellidae Orthoscuticella ventricosa Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Cellariidae Cellaria Batson2000 
Bryozoa Gymnolaemata Cheilostomata Cellariidae Cellaria immersa (Tenison-Woods) Probert et al. 1979; Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Cellariidae Cellaria tenuirostris (Busk) Junge 1998; Probert et al. 1979 
Bryozoa Gymnolaemata Cheilostomata Cellariidae Melicerita angustiloba Tenison-Woods Probert et al. 1979; Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Celleporidae Celleporina grandis Junge 1998; Batson 2000 
Bryozoa Gymnolaemata Cheilostomata Celleporidae Celleporina sinuate Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Celleporidae Galeopsis polyporus Junge 1998; Batson 2000 
Bryozoa Gymnolaemata Cheilostomata Celleporidae Galeopsis porcellanicus Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Celleporidae Lagenipora cf. pinnacula Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Celleporidae Lagenipora sp. Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Celleporidae Osthimosia cf bicornis Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Celleporidae Osthimosia monilifera sp. nov. Taylor et al. 1989 
Bryozoa Gymnolaemata Cheilostomata Celleporidae Osthimosia socialis sp. nov. Taylor et al. 1989 
Bryozoa Gymnolaemata Cheilostomata Chaperiidae Chaperiopsis ( Chaperiopsis) cervicornis Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Chaperiidae Chaperiopsis (Chaperiopsis) cf. cristata Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Chaperiidae Chaperiopsis (Chaperiopsis) lanceola Junge 1998 
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Bryozoa Gymnolaem.ata Cheilostom.ata Chaperiidae Chaperiopsis (Chaperiopsis) n.sp. Junge 1998 
Bryozoa Gymnolaem.ata Cheilostomata Chaperiidae Chaperiopsis (Chaperiopsis) rubida Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Chaperiidae Chaperiopsis ( Chaperiopsis) spiculata Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Chaperiidae Chaperiopsis (Clipeochaperia) funda Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Cribrilinidae Figularia huttoni Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Cribrilinidae Figularia marnae Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Euthyroididae Euthyroides episcopalism (Busk) Probert et al. 1979; Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Flustrellidridae Elzerina binderi (Busk) Probert et al. 1979; Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Flustridae Gregarinidra serrata Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Gigantoporidae Gigantopoa sp. Probert et al. 1979; Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Hippothoidae Celleporella aff. delta Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Hippothoidae Hippothoa flagellum Junge 1998 
Bryozoa Gymnolaemata Cheilostom.ata Lacernidae Phonicosia circinata Junge 1998 
Bryozoa Gym.nolaemata Cheilostom.ata Lepraliellidae Celleporaria agglutinans Junge 1998; Batson 2000 
Bryozoa Gymnolaemata Cheilostomata Lepraliellidae Celleporaria sp. Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Lepraliellidae Celleporaria sp. 'coarse knobbly' Probert et al. 1979 
Bryozoa Gymnolaemata Cheilostomata Lepraliellidae Celleporaria sp. 'grey disc' Probert et al. 1979 
Bryozoa Gymnolaem.ata Cheilostomata Microporellidae Fenestrulina gelasinoides Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Microporellidae Fenestrulina reticulata Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Microporellidae Fenestrulina sp. Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Microporellidae Microporella agonistes Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Microporellidae Microporella cf. intermedia Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Microporidae Micropora gracilis Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Microporidae Micropora sp. Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Microporidae Micropora variperforata Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Microporidae Opaeophora lepida Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Phidoloporidae Brodiella longispinata Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Phidoloporidae Hippellozoon novaezelandiae (Waters) Probert et al. 1979; Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Phidoloporidae Reteporella sp. Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Romancheinidae Escharella spinosissima Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Schizoporellidae Chiastosella ?umbonata Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Schizoporellidae Chiastosella enigma Junge 1998 
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Bryozoa Gymnolaemata Cheilostomata Schizoporellidae Hippomenella vellicata Probert et al. 1979; Junge 1998; 
Batson2000 
Bryozoa Gym.nolaemata Cheilostomata Smittinidae Hemismittoidea hexaspinosa Junge 1998 
Bryozoa Gymnolaemata Cheilostomata Smittinidae Parasmittina n.sp. Junge 1998 
Bryozoa Gym.nolaemata Cheilostomata Smittinidae Smittina palisada Junge 1998 
Bryozoa Gym.nolaemata Cheilostomata Smittinidae Smittina rosacea Junge 1998 
Bryozoa Stenolaemata Cyclostomata Fvosipora otagoensis sp. nov. Taylor et al. 1989 
Bryozoa Stenolaemata Cyclostomata Discoid cyclostomes Batson2000 
Bryozoa Stenolaemata Cyclostomata Erect delicate cyclostomes Batson2000 
Bryozoa Stenolaemata Cyclostomata Filicea elegans (Hutton) Probert et al. 1979 
Bryozoa Stenolaemata Cyclostomata Retihornera sp. Probert et al. 1979 
Bryozoa Stenolaemata Cyclostomata Annectocymiidae Annectocyma sp.? Annectocyma sp. Junge 1998 
Bryozoa Stenolaemata Cyclostomata Annectocymiidae Entalophora sp. Probert et al. 1979; Junge 1998 
Bryozoa Stenolaemata Cyclostomata Cinctiporidae Cinctipora elegans Junge 1998; Batson 2000 
Bryozoa Stenolaemata Cyclostomata Diaperoeciidae Diaperoecia purpurascens Junge 1998; Batson 2000 
Bryozoa Stenolaemata Cyclostomata Frondiporidae Fasciculipora cf fruicosa (MacGillivray) Probert et al. 1979; Junge 1998 
Bryozoa Stenolaemata Cyclostomata Heteroporidae Heteropora parapelliulata sp. nov. Taylor et al. 1989 
Bryozoa Stenolaemata Cyclostomata Heteroporidae Heteropora sp. Taylor et al. 1989 
Bryozoa Stenolaemata Cyclostomata Heteroporidae Tetrocycloecia neozelanica Probert et al. 1979; Junge 1998; 
(previously Heteropora cf. neozelanica Busk) Batson2000 
Bryozoa Stenolaemata Cyclostomata Horneridae Hornera foliacea Junge 1998; Batson 2000 
Bryozoa Stenolaemata Cyclostomata Horneridae Hornera robusta (MacGillivray) Probert et al. 1979; Junge 1998; 
Batson2000 
Bryozoa Stenolaemata Cyclostomata Horneridae Hornera sp. Junge 1998 
Bryozoa Stenolaemata Cyclostomata Lichenoporidae Disporella aff. buski Junge 1998 
Bryozoa Stenolaemata Cyclostomata Lichenoporidae Disporella pristis sp. nov. Taylor et al. 1989 
Bryozoa Stenolaemata Cyclostomata Oncousoeciidae Eurstrotos ?ridleyi Junge 1998 
Bryozoa Stenolaemata Cyclostomata Oncousoecildae Oncousoecia sp. ?Oncousoecia sp. Junge 1998 
Bryozoa Stenolaemata Cyclostomata Plagioeciidae Plagioecia cf. gemelligera (Borg) Taylor et al. 1989 
Bryozoa Stenolaemata Cyclostomata Plagioeciidae Plagioecia cf. sarniensis Junge 1998 
Bryozoa Stenolaemata Cyclostomata Plagioecildae Plagioecia sp. Junge 1998 
Bryozoa Stenolaemata Cyclostomata Plagioeciidae Plagioecia sp. ? Plagioecia sp. Junge 1998 
Brrozoa Stenolaemata Crclostomata Stomato:eorildae S tomatoe,ora s:e. ? S tomatoe,ora s:e. Jun~e 1998 
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Bryozoa Stenolaemata Cyclostomata Theonidae Supercytis digitata (Busk) = Telopora Probert et al. 1979; Junge 1998 
Bryozoa Stenolaemata Cyclostomata Theonidae Telopora ?lobata Junge 1998 
Bryozoa Stenolaemata Cyclostomata Theonidae Telopora sp. Junge 1998; Batson 2000 
Bryozoa Stenolaemata Cyclostomata Tubuliporidae Idmidronea aff. fraudulenta Junge 1998 
Bryozoa Stenolaemata Cyclostomata Tubuliporidae Tubulipora cf. andersoni Borg Taylor et al. 1989 
Bryozoa Stenolaemata Cyclostomata Tubuliporidae Tubulipora sp. Junge 1998 
Cnidaria Actiniaria Bunodactis chrysobathys Probert et al. 1979 
Cnidaria Actiniaria Hormathia sp. Probert et al. 1979 
Cnidaria Actiniaria Phellia aucklandica Carlgren Probert et al. 1979 
Cnidaria Alcyonacea Octocoral 1 (?Clavularia sp.) Probert et al. 1979 
Cnidaria Alcyonacea Octocoral 2 (?Sarcodictyon sp.) Probert et al. 1979 
Cnidaria Alcyonacea Octocoral 3 Probert et al. 1979 
Cnidaria Alcyonacea Octocoral 4 (?Clavularia sp.) Probert et al. 1979 
Cnidaria Hydroida Amphisbetia fasciculata (Kirchenpauer) Probert et al. 1979 
Echinodermata Asteroidea Allostichaster insignis (Farquhar) Probert et al. 1979 
Echinodermata Asteroidea Astropecten primigenius Mortensen Probert et al. 1979 
Echinodermata Asteroidea Coscinasterias calamaria (Gray) Probert et al. 1979 
Echinodermata Asteroidea Odontaster benhami (Mortensen) Probert et al. 1979 
Echinodermata Asteroidea Patiriella regularis (Verrill) Probert et al. 1979 
Echinodermata Asteroidea Pentagonaster pulchellus Gray Probert et al. 1979 
Echinodermata Asteroidea Peribolaster lector Fell Probert et al. 1979 
Echinodermata Asteroidea Pteraster bathamae Fell Probert et al. 1979 
Echinodermata Asteroidea Sclerasterias mollis (Hutton) Probert et al. 1979 
Echinodermata Crinoidea Florometra austini A. M. Clark Probert et al. 1979 
Echinodermata Echinoidea Goniocidaris parasol Fell Probert et al. 1979 
Echinodermata Echinoidea Goniocidaris umbraculum (Hutton) Probert et al. 1979 
Echinodermata Echinoidea Pseudechinus huttoni Benham Probert et al. 1979 
Echinodermata Holothuroidea Bathyplotes natans (Sars) Probert et al. 1979 
Echinodermata Holothuroidea Stichopus mollis (Hutton) Probert et al. 1979 
Echinodermata Ophiuroidea Ophiacantha abyssicola otagoensis Fell Probert et al. 1979 
Echinodermata Ophiuroidea Ophiactis resiliens Lyman Probert et al. 1979 
Echinodermata Ophiuroidea Ophiocoma bollonsi Farquhar Probert et al. 1979 
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Echinodermata Ophiuroidea Ophiomyxa brevirima H. L. Clark Probert et al. 1979 
Echinodermata Ophiuroidea Ophionereis fasciata Hutton Probert et al. 1979 
Echinodermata Ophiuroidea Ophiopteris antipodum E. A Smith Probert et al. 1979 
Echinodermata Ophiuroidea Pectinura cylindrica (Hutton) Probert et al. 1979 
Echinodermata Ophiuroidea Pectinura maculata (Verrill) Probert et al. 1979 
Mollusca Bivalvia Aulacomya maoriana (Ireland) Probert et al. 1979 
Mollusca Bivalvia Barbatia novaezealandiae Smith Probert et al. 1979 
Mollusca Bivalvia Cardita aoteana Probert et al. 1979; Donald 2001 
Mollusca Bivalvia Chlamys delicatula (Hutton) Probert et al. 1979 
Mollusca Bivalvia Lima colorata Hutton Probert et al. 1979 
Mollusca Bivalvia Mesopeplum convexum Donald 2001 
Mollusca Bivalvia Modiolus areolatus (Gould) Probert et al. 1979 
Mollusca Bivalvia Parvamussium maorium Dell Probert et al. 1979 
Mollusca Cephalopoda Sepioloidea pacifica (T.W. Kirk) Probert et al. 1979 
Mollusca Gastropoda Aeneator benthicola Donald 2001 
Mollusca Gastropoda Alcithoe arabica Donald 2001 
Mollusca Gastropoda Antisolarium egenum (Gould) Probert et al. 1979 
Mollusca Gastropoda Argobuccinum pustulosum tumidum Donald 2001 
Mollusca Gastropoda Argobuccinum tumidum (Dunker) Probert et al. 1979 
Mollusca Gastropoda Astrea heliotropium (Martyn) Probert et al. 1979; Donald 2001 
Mollusca Gastropoda Calliostoma selectum Donald 2001 
Mollusca Gastropoda Comitas onokeana vivens Dell Probert et al. 1979 
Mollusca Gastropoda Cymatona kampyla (Watson) Probert et al. 1979 
Mollusca Gastropoda Dorid 'white and yellow' Probert et al. 1979 
Mollusca Gastropoda Ellicea recens Dell Probert et al. 1979 
Mollusca Gastropoda Falsilunatia powelli Dell Probert et al. 1979 
Mollusca Gastropoda Fusitriton laudandus Finlay Probert et al. 1979 
Mollusca Gastropoda Glaphyrina vulpicolor (Sowerby) Probert et al. 1979 
Mollusca Gastropoda Malluvium calcareus (Suter) Probert et al. 1979 
Mollusca Gastropoda Maoricolpus roseus roseus (Quoy & Gaimard) Probert et al. 1979; Donald 2001 
Mollusca Gastropoda Penion fairfieldae Powell Probert et al. 1979 
Mollusca Gastropoda Tanea zelandica Donald 2001 































Tugali elegans Gray Probert et al. 1979 
Zethalia zelandica (A. Adams) Probert et al. 1979 
Forsterygion sp. Probert et al. 1979 
Oligocrachia kernohanae Batham Probert et al. 1979 
Chloeia inermis Quatrefages Probert et al. 1979 
Hyalinoecia tubicola (Millier) Probert et al. 1979 
Phyllochaetopterus socialis Claparede Probert et al. 1979 
Anchinoe incrustans (Carter) Probert et al. 1979 
Callyspongia robusta (Ridley) Probert et al. 1979 
Chondropsis kirkii Carter Probert et al. 1979 
Cliona celata Grant Probert et al. 1979 
Coelosphaera globosa Bergquist Probert et al. 1979 
Dactylia palmata Carter Probert et al. 1979 
Stylocordyla borealis (Loven) Probert et al. 1979 
Suberites australiensis Bergquist Probert et al. 1979 
Suberites microstomus Ridley & Dendy Probert et al. 1979 
Tetilla astrale Bergquist Probert et al. 1979 
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